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INTEGRATED SYSTEI TEST OF THE ADVANCED INSTRUCTIONAL SYSTEM

I. INTRODUCTION

Overview

This introductory section describes the goals of the Integrated
System Test (IST) and presents background information on the Advanced
Instructional System (AIS) program, its goals, characteristics, and
functions. The two subsequent sections, Testing Prior to IST and In-
structional Strategies Testing, describe the assessment of instructional
strategies in each of the AIS courses. The fourth major section de-
scribes procedures and results of testing to establish the reliability
and validity of other AIS computer-based instructional functions. The
results of testing to establish functional performance capability,
reliability, and maintainability of the AIS supoort systems (computer,
peripherals, terminals, communications, software, and media devices and
courseware) are reported in the fifth major section. Courseware develop-
ment costs are addressed in the sixth section. The final section of
this report presents conclusions and recommendations. Supplemental data
and examples are included in the appendixes.

General Description of Test

The AIS IST began in April 1977. Testing was oriented toward
answering four primary questions:

1. What dre the time savings when a conventional lockstep technical
training course is converted to a self-paced Computer Managed
Instruction (CMI) course?

2. What are the time savings when Individualized Instructional
Assignment (IIA) is added to a self-paced CMI technical
training course?

3. What are the time savings when Student Progress Management (SPM)
is added to a self-paced CMI technical training course?

4. Do the computer-based CMI support functions, the media devices
and courseware, and the computer hardware and software achieve
satisfactory levels of functional performance, reliability, and
maintainability?

The first of these questions was addressed by the acceptance tests
for the AIS courses. The results of these tests are summarized in Section
II of this report. Section III, Instructional Strategies Testing,
presents the results relating to the second and third questions. Sections
IV and V, Reliability and Validity of Other CMI Functions and Support
System Testing, present the results relating to the fourth question.

-r I I r *I

- -



The data collected in the Inventory Management (IM) course provided
the most comprehensive test of the effectiveness of IIA. Data from the
Weapons Mechanic (WM) and the IM courses provided the most comprehensive
tests of the effectiveness of SPM. Due to low student entry rates in
the Precision Measuring Equipment (PME) and Materiel Facilities (MF)
courses, the conclusions that could be drawn from IST results in these
two courses were limited.

Background

In May 1973, a 4 1/2 year effort was initiated jointly by the Air
Force Human Resources Laboratory Technical Training Division (AFHRL/TT),
Air Training Command (ATC), Lowry Technical Training Center (LTTC), and
the McDonnell Douglas Astronautics Company-St. Louis (MDAC) to develop,
implement, and test the Air Force AIS.

The major objectives of the AIS program were twofold. Primary and
most critical was the development of a computer-based, multi-media system
for the administration and management of individualized technical train-
ing on a large scale. The second objective was the utilization of the
AIS as a test bed for evaluating the cost-effectiveness of instructional
innovations. The characteristics of the AIS as originally planned and as
configured during IST are shown below.

AIS CHARACTERISTICS

ORIGINAL CONFIGURATION
CAPABILITIES REQUIREMENTS DURING IST

NO. OF COURSES 3 4

NO. OF STUDENTS PER DAY 2100 3000*

TRAINING TIME REDUCTION 25% 40%**

(Equal or better performance/No increase in attrition)

If more terminals were added, the computer configuration could support
4500 students on a three-shift operation.

** 40% includes 31% for mainline CMI plus 13% of the remaining 69%
(9% of the total) due to individualization (Individualized instruc-
tional assignment).

8
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HARDWARE

COMPUTER CDC CYBER 73-IG

INTERACTIVE TERMINALS 125 50
MANAGEMENT TER41NALS 9 10
STUDENT CARRELS 190 847
ZIEDIA DEVICES 500 500

MEDIA ALLOCATION4

PRINTED MATERIALS 55% 60%
AUDIO/VISUAL PRESENTATION 26% 38V
CAI 17% 2%

Development of the AIS was to proceed incrementally. Capabilities
were implemented upon development and before the entire system was com-
pleted in order to take immediate advantage of training improvements and
thereby achieve incremental payoffs. As developmient and inplementation
proceeded, some adjustments to the originally-planned AIS characteristics
had to be made. Two goals not achieved at the time of IST were (a) the
complete development of all courseware required for the AIS test bed
courses and (b) implementation of on-line Computer Assisted Instruction
(CAI). The software capability for CAI was, however, developed, and
subsequent to IST a number of CAI lessons have been implemented. Some
of the factors which necessitated adjustments to the original goals
were

1. Competition between the development program per se and oper-
ational support requirements for implemented portions of AIS.

2. fMajor changes in course content during development which greatly
exceeded the original Statement of Work allowance of no more
than 40% during the life of thp contract.

3. Inclusion of an additional course.

The four courses chosen for initial demonstration cover a wide range
of student aptitudes and abilities, comprise 27% of the total load at
LTTC, and represent a cross section of technical training.

19



AIS COURSES

COURSE LENGTH GRADUATES PER
(WEEKS) YEAR

PROJECTED

INVENTORY MANAGEMENT (IN) 7 3000
MATERIEL FACILITIES (MF) 6 900
PRECISION MEASURING EQUIPMENT (PME) 32 600
WEAPONS MECHANIC (WM) 13 2500

7000

During the AIS contract, the two major goals of AIS development were
ach'ieved:

1. The prototype AIS, incorporating state-of-the-art instructional
technology, was implemented at the LTTC and met or exceeded
contractual requirements for reducing training time.

2. The prototype AIS provides a capability for continued research
and development (R&D) in the instructional technology area.
Continued exploitation of this AIS capability can greatly enhance
further R&D efforts in training technology and educational
research.

A typical scenario for a student in an AIS-configured course begins
with the preassessment test battery consisting of approximately 2 hours
of aptitude and ability tests. Some tests are general and some are
specific to the course, but all are designed to identify problem areas
and to provide information to be used by the computer in making individ-
ualized assignments as the student progresses through the course. These
tests are listed in Appendix A. The machine-readable preassessment test
answer sheets and a student registration form are read by an AIS manage-
ment terminal, and the information is stored in the central computer.
The computer determines, and provides printouts of, the student's
learning center and carrel assignment plus the assignment to the first
lesson in the course (examples of various AIS computer-generated print-
outs are provided in Appendix B). The student studies the lesson until
satisfied that the content is understood and then takes the prescribed
lesson test. The student takes the completed test answer sheet to a
management terminal, places it in the reader, and receives feedback
consisting of a printed prescription which provides the test results
(total score and objectives failed), assigns the next lesson to be
studied, lists the resources required, and if the next assignment in-
volves a change in learning centers, assigns the student to the next
learning center and carrel. In making each assignment, the computer

1. considers what lessons the student could study next, which alternative
instructional treatment is best for the student (if alternates are
available for the lessons being considered), and resource utilization

10
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status. The resultant student assignment is either the best one for the
student or, if resource considerations so dictate, a compromise which
attempts to avoid bottlenecks because of availability of critical
resources. Additionally, the student's first course assiqnment gives
a target completion date for the initial block and for the entire course.
The first assignment for each training day informs the student as to pro-
gress relative to the target date.

Unique CMI Functions of the AIS

The AIS Ci;I functions include all of the standard capabilities such
as test scoring and production of learning center rosters, student pro-
gress records, and course evaluation reports. In addition, two unique
CM4I functions are provided by the AIS. These are hIA and SPM. Both
were designed to produce training tine savings in addition to the savings
realized through self-pacing and standard (baseline) CMI, and were the
focus of the IST evaluations of time savings. These two AIS unique
functions are described in detail below.

Individualized Instructional Assignment

The IIA function is the AIS capability to assign alternative modules
of instruction (strategies) for a lesson in order to maximize student
performance. The vehicle for making these assignments is the AIS
computerized adaptive decision process which considers the individual
characteristics and past performance of the student (preassessment and
within-course data), as well as the student's current placement in the
course hierarchy and the availability of instructional resources.

The selection of the most appropriate module for a particular lesson
and student can be made on the basis of (a) predictive statistics (regres-
sion models) based on the performance of prior students who were randomly
assigned to the alternative nodules for a lesson, (b) empirical and/or
judgemental logical statements (heuristic models) which select a par-
ticular module if the conditions specified in the logical statement are
true, and (c) student choice of available alternative modules (learner
choice) which leaves the selection of the most appropriate module to the
student's own judgement. A random assignment capability also exists
for control purposes in evaluating and/or updating existing decision
models. These lesson-level capabilities represent a range of sophis-
tication in terms of their requirements for accurate student data and
statistical computation. The regression models are the most sophis-
ticated, followed by the heuristic models and learner choice.

Regression Models. The nature of this approach requires that the
equations used to select alternative modules be based on sufficiently
large samples of cases (e.g., 100 students per alternative module)
collected under random assignment conditions. This insures that best
fit equations can be calculated relating the full range of student
characteristics (predictor variables) and student performance time or

l-, 11



score (criterion variables) on each module. The regression modules cal-
culated from these data then become the basis for predicting which module
will maximize individual student performance. It is imperative, there-
fore, that the regression models use data that are highly reliable and
valid, as well as representative of conditions that exist when they are
Implemented. During the IST, regression models were used in the AIS IM
and NF Courses.

Heuristic Models. Research and development for the AIS CMI system
requirea the exploration of regression models for IIA. It became
apparent to both MDAC and AFHRL/TT personnel, however, that the level of
sophistication and computational requirements of this approach would make
it difficult to maintain regression models In an operational training
system. For this reason, an alternative approach was designed and
developed. This approach, called heuristic models, refers to the spec-
ification and use of logical "if...then" statements to assign students to
alternative modules. These logical statements can be based solely on
expert judgement, on previously collected and analyzed student data, or
on a combination of both judgement and prior data.

An example of a simple heuristic model can be written in sentence
form as follows: "If the student has a Reading Vocabulary Test score
less than 20, assign the audio-visual module for this lesson." Any
combination of preassessment and prior within course performance data
(subject to normal AIS variable limits and constraints) can be used in
the construction of heuristic models.

During the IST, heuristic models were used for media oVerlap (i.e.,
audio-visual with illustrated script modules versus illustrated script
only modules) lessons in the IM, MF, and WM courses. These models were
based on a combination of expert judgement (instructor inputs) and prior
student data on these modules.

Learner Choice. The third major type of lesson-level individual-
ization capability allows the student to select one of the alternative
modules on lessons designated for learner choice. Performance data are
collected on the module the student selects. Over a period of time, it
is possible to answer such questions as the effectiveness of student
choices compared with the choices of regression or heuristic models, and
what types of students make the most effective module choices in terms
of maximizing their scores and minimizing their training times.

The literature appears to support the conclusion that learner choice
is best for students of higher ability and intellectual maturity. For
this reason and because (a) PME instructors and supervisors indicated
that they would prefer this approach over the use of heuristic models and

* (b) insufficient data per alternative module were available from PHE for
1|. the derivation of regression models, the learner choice approach to IIA

was chosen for implementation and evaluation with PNE course materials
in Blocks VII through XI.

12
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Student Progress Management

In addition to the above individualization approaches which are
directed toward maximizing student performance at the lesson level, the
AIS has a block and course-level CMI capability designed to further
maximize student performance. This strategy, referred to as SPM, is
operational in all four AIS courses.

The SPM monitors student rates of progress, predicts individual
block and course completion time targets, and manages students to their
individual targets via specialized instructional, administrative, and
software tools. Additionally, the SPM assists students in achieving
their potential by giving each an opportunity to assume responsibility
for performing in accordance with individual abilities, interests, and
prior experiences.

The following are the major components of SPM:

1. Targeted days in course and completion rates are predictions
generated at the beginning of each course. These predictions provide
information as to how many days each student is expected to require for
course completion. The predictions are based on (a) information gathered
on the student during preassessment testing, (b) the performances (times-
to-complete) of similar students who have completed the same course, and
(c) policies set by the course managers which determine minimum, maximum,
and average desirable course completion times. Targeted course com-
pletion rate (an index of the student's relative speed) is derived from
these predictions and is used to track daily progress.

2. An instructional module introduces students to the novel
aspects of a CMl envi'-onment and includes instruction on some specific,
AIS-related time management skills; for example, a method of tracking
progress relative to the student's particular target date. This module
became operational in the IM, MF, and WM courses in July 1977. Because
of the longer blocks and the incremental implementation of SPM in the
PME course, a special set of student and instructor SP orientation
materials was prepared for this course.

3. A daily roster (see Appendix B) is printed for instructors.
The roster indicates the block each student is in, how many days the
student has to finish the course on target, and how many days each
student is ahead or behind targeted completion rate. The daily roster
thus provides a mechanism whereby the instructors can track the progress
of each student and identify those students who are behind their
targeted rates and in need of counseling.

4. Via their first prescription of each day, students are pro-

I" vided with feedback regarding their actual progress versus their predicted

progress (Appendix B). The feedback includes days spent in class and
days of the course completed. If these numbers are identical, the stu-

* U1
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dent is on schedule; if days spent in class is larger than days of course
completed, the student is behind schedule. Conversely, if days of course
completed is larger than days spent in class, the student is ahead of
schedule. In addition, a student's first printed assignment in each new
block of instruction provides targeted days per block information, based
on the average length of the block and the student's Individualized
targeted completion rate.

5. Finally, provision has been made for Instructors to adjust a
student's targeted completion rate when such action is justified (e.g.,
if personal problems have interfered with the student's work).

II. TESTING PRIOR TO IST

Testing of Self-Pacing and CMI

When the AIS project began in 1973, the IM, MF, PHE and WM courses
were taught in a conventional lockstep classroom environment. One or two
instructors were responsible for a class of from 20 to 30 students as
they progressed through one block of instruction in a course. Blocks
were 1 to 4 weeks in length, and after the prescribed number of weeks
of study, the students took the end-of-block test. Those who passed
went on as a class to the next block, and those who failed were "washed
back" to a following class to repeat some or all of the block.

A good evaluation strategy would have been to freeze the content
taught in the AIS courses, with known times-to-complete under conven-
tional instruction, and then incrementally introduce manual self-pacing,
then computer support, next IIA. and finally the student time management
system. The effects of these features could then have been assessed
incrementally, and system time savings could have been calculated with
considerable confidence. The real world demands of Air Force training
did not, however, permit such laboratory control. Economics, logistics,
and training considerations dictated that AIS features should be
implemented as they were developed. Some consequences were that

1. As soon as one track of self-paced materials for a block had
completed formative evaluation, those materials were implemented
in the classrooms and the conventional block was terminated.

2. As materials for AIS were being developed, content changes were
incorporated. However, those same content changes were
frequently never introduced into the conventional course. In

I. other words, AIS development represented a convenient vehicle
for accomplishing necessary changes to the conventional course

* content and materials.

14
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J. Development efforts continued on AIS blocks after they were
implemented--changes in content in response to the continuing
changes in Air Force operational procedures and equipment, and
the introduction of multi-tracking and media overlap lessons as
needs were identified and development was accomplished.

4. Computer-based training features were Introduced into the class-
rooms as the features were developed and then were tested,
modified, and improved as time and circumstances permitted.

Therefore, in order to establish estimates of time savings for con-
tractual purposes, a more pragmatic approach had to be adopted. Air
Force subject matter experts identified those AIS lessons and parts of
lessons which had the same content as that which had previously been
taught in the conventional mode. For each course, time savings were
calculated by comparing the time to complete this common core of material
under AIS to the Plan of Instruction (POI) hours required under the pre-
vious conventional lockstep mode. These analyses were carried out
during the acceptance tests for the AIS courses.

The IM acceptance test results indicated that the time savings from
conversion of the conventional IM course to self-pacing with CMI amounted
to 35%, based only on the material common to both the AIS and the con-
ventional courses. The savings in the HF course were 24%; in the PME
course, 31%; and in the WM course, 31%. The acceptance test results are
summarized in Table 1.

TABLE 1. AIS Course Acceptance Testing: Estimates of
h" Time Savings Due to Self-Pacing with CMI

V

COURSE AND TIME SAVINGS FROM PORTION OF COURSE USED IN
TIME PERIOU SELF-PACING WITH CMI ,% TIME SAVINGS MEASUREMENT

zIM
July 1975-June 1976 35 49% of Blocks I-l, IV-V

July 1975-June 1976 24 64% of Blocks I-V

PME
, August 1976-July 1977 31 38% of Blocks VIII-XII

WM
August 1976-July 1977 31 77% of Blocks V-XIII

.- b1
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Some further explanation of these tim savings figures Is necessary.
For example, the tim savings recorded In the IN and MW Acceptance Tests
were 35% and 24, respectively. Since these figures are based on cmion
material only, they are only estimates (albeit reasonable ones) of the
total percent course length reduction attributable to AIS. Thus, the
approximately 30% savings for IN/HF suggest that if an entire conven-
tional course were to become self-paced with CI, overall savings on the
order of 30% would be expected if the course content was unchanged.

Later portions of this report establish that an additional 12.5%
saving for IN is attributable to IIA and SPM. This saving relates to
the course as It 6xisted at the onset of the IST period, not to the
original lock-step course. Thus, the 30% and 12.5% are not simply
additive in terms of describing how much the course was shortened
relative to what it was before AIS. However, the 12.5% is a tangible
saving, over and above savings due to self-pacing and CMI.

11%

111. INSTRUCTIONAL STRATEGIES TESTING

Testins of IIA and SPM

At the beginning of the 1ST, all blocks of the IN and MF courses
were self-paced with CMI, as were Blocks VII through XII of PME and
Blocks V through XIII of WM. The IN course had the most extensive set
of individualized alternative modules and an entry rate of approximately
60 students per week. The HF course had a less extensive set of indiv-
idualized alternative modules and an entry rate of about 20 per week.
The PME course had individualized alternatives but a very low entry rate
(about six per week on the AIS shifts). The WM course had only media
overlap modules as alternatives to the main track of instruction and an
entry rate of approximately 60 per week.

The baseline CMI condition for comparisons in the following sections

includes principally the following functions:

1. Printed feedback of total score and objectives failed on tests.

2. Printed assignment to next lesson, including resources required.

3. Learning center rosters and individual student progress reports.

4. Resource management including learning centers, carrels, audio-
visual devices and remote terminals.

5. Flagging for instructors those students whose preassessment

results indicate potential learning problems.

I 6. Displaying or printing student course and preassessment records

for instructor use in counseling.

16
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7. Providing management reports (e.g. the Course Evaluation

Summary).

Testing in the IM Course

At the start of the 1ST, two operating configurations were
established in the IM course: (a) a Main Track version of the course and
(b) an IIA version. Twelve weeks later, the SPM functions were added to
the baseline CMI in the IM course. The 1ST design for IM is represented
pictorially as follows:

Phase I Phase 11
Baseline CMI CMI with SPM

Main Track Group 1 Group 3

IIA Group 2 Group 4

0 Weeks 12 Weeks 20 Weeks

The main track of instruction was identified on a historical basis,
with the first module developed being designated as Main Track. A
student in the Main Track version was assigned the main track modules for
all lessons in the course. A student in the IIA version was, for all
lessons with alternative modules, assigned the best alternative for that
student. "Best" was defined as the module for which the computer's cal-
culations predicted a passing score in the shortest time; or if it was
predicted that no module would be passed, the module predicted to be
completed with the highest score. Students were assigned randomly to the
Main Track and the IIA versions, and to a third version (random assign-
ment to alternatives) which provided data for development purposes.
Approximately 20 students per week entered each of the versions. Assign-
ment to course learning centers was also random. Students were not told
which version they were in, and instructors could only determine an
individual student's assigned version by examining the student's records
at an interactive terminal.

Four of the nine lessons in Block I, (approximately 32% of the block,
based on average times to complete lessons) had two or more alternative
modules. For Block 11, 1 of 10 lessons (about 8% of the block) had alter-
natives; for Block 111, 5 of 12 lessons (44%); Block IV, 3 of 9 lessons
(35%); Block V, 3 of 12 lessons (18%); and in Block VI, none of the 9
lessons had alternatives. The two course versions, Main Track and hIA,
operated in the IN course throughout the IST period.

17
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During Phase I, students in both versions were under baseline CHI.
After testing on each lesson or block, a student's test form was read
at a management terminal and the student received a printed prescription
containing test result feedback plus the next assignment. Main Track
students were automatically assigned the main track modules. The IIA
students were assigned the modules predicted to be best for them wherever
alternatives existed. During system down times, learning center oper-
ations proceeded under manual management procedures, with main track
assignments to all students except as resource availability required
other modules to be used. The system was up during approximately 95% of
the IST period.

Students who entered the course durirg Phase 11 were under the base-
line CMI described above, plus SPM. After completing the preassessment
test battery, each student received a computer-generated target comple-
tion date for the course. Students then studied a lesson designed to
teach time management for meeting the target graduatioi. date. Add-
itionally, students were provided with charts on which to plot day-by-day
progress toward the target. Each student's first prescription of each
training day contained the information needed for chart update. The
learning center rosters provided instructors with the number of days
each student was ahead or behind target. Instructors were encouraged to
use this information in counseling students. An instructor could adjust
a student's target date if convinced that it was unrealistic.

During a 2-week period in Phase I, a software fault resulted in
incorrect evaluations of the regression equations used In assignments
for the IIA version. Consequently, data from the 11A version for this
time period are excluded from the lesson and block level analyses. A
data base error during 3 weeks of Phase II caused the IIA version for
Block I to operate with incorrect information. Data from the [IA version
of Block I for this time period are excluded from block and lesson level
analyses.

Analxses and Results for the IM Course. Equivalence of the IM
Groups - As a preliminary step it was essential to establish that the
students of the four groups constituting the IST analysis did not differ
significantly from one another. If one or more of the groups differed
from the others in ability or other psychological variables (preassess-
ment), time savings analyses would be contaminated. The hypothesis to
be tested is that the four groups are not statistically different in
terms of the preassessment measures. An efficient way to test this
hypothesis is with a four-group discriminant analysis using all the pre-
assessment variables simultaneously as discriminators. When this analysis
was performed, none of the discriminant functions was significant
(p > .10)*, indicating that the groups did not differ significantly with
respect to preassessment measures.

I. * Throughout this report, results which reach the .10 level are de-
scribed as statistically significant. This level was adopted in order
to penteit latitude in further considering potentially important effects.
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Analyses of the IM Time Data - Block completion times, excluding
absence times, are shown in Table 2. Students in the IIA version com-
pleted every block in less time than students in the Main Track version,
except for Block IV in Phase II (SPM) and Block VI in Phase I, which
show very small differences favoring Main Track. Block VI has no alter-
native modules, so students in the two versions received identical treat-
ment in this block. Summing across the blocks with alternatives (Blocks
I through V, see Table 2) indicates that IIA students averaged 437
minutes, or 4.7/, less time than the Main Track students in Phase 1.
This difference amounts to slightly more than one training day. In
Phase II, IIA students averaged 166 minutes (almost a half day) less than
Main Track students, for a savings of 2.1%. It should be stressed that
these percentages are for Blocks I through V, and that only 30% of these
blocks offered alternatives with a potential for savings due to IIA.
Moreover, additional gains from hIA could be expected with further
development of adaptive instructional alternatives and decision model
refinements.

The comparisons of Phase I with Phase II (Table 2) indicate that the
introduction of SPM resulted in a saving of 845 minutes for the IIA
version (8.9%), and a saving of 1096 minutes (11.1%) for the Main Track
version. The comparison of Phase I Main Track with Phase II IIA shows
a total saving of 1264 minutes (12.8%).

An additional variable, course elapsed time, was extracted and
analyzed. Course elapsed time includes some administrative and testing
time that is not in the sum of the block times, and includes only stu-
dents who entered and completed the IM course during Phase I, or during
Phase II. The results are shown in Table 3. Of principal interest here
is a comparison of the Phase I Main Track version with the Phase II IIA
version. In this comparison, the baseline condition is the self-paced
IM course with CMI. The time savings achieved by adding computer assign-
ment to individualized modules (for one-fourth of the course) and SPM
to the baseline CMI course amount to 1255 minutes, or 12.40.

To determine the statistical significance of these results, two-way
analyses of variance were run on the time data for each of the blocks and
on course elapsed time. Table 4 shows the significance levels for the
main effects (IIA/Main Track and Phase I/Phase II) and for the inter-
actions. The effects of SPM on time in Blocks I, II, III, and VI and on
course elapsed time were significant. In Blocks IV and V, the SPM
effects were in the expected direction, but did not reach significance.
The IIA effects were significant in Blocks I and V. None of the inter-
actions were significant.

In each of Blocks I to V, one-way analyses of variance were run on
i. the sums of the lesson times for only those lessons with alternative

modules. The results can be summarized as follows: In all blocks the
differences were in the expected direction of shorter times for IIA stu-
dents, but statistical significance was reached only in Block IV (IIA, 347
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TABLE 4. Significances of Results from Two-Way Analyses of

Variance on Time Data from the IM Course.

p2 > .10 IS SHOWN AS N.S.

MAIN EFFECT A: MAIN EFFECT B:
IIA VS. BASELINE CMI VS. INTERACTION:

___________ MAIN TRACK CA4I WITH SPM A x B

BLOCK I TIME p < .10 p ( .01 N.S.

BLOCK II TIME ii.S. p < .01 N.S.

L6LOCK III TIME N.S. p <. .01 N.S.

B3LOCK IV TIME AJ.S. N.S. N.S.

dLOCK V TIME p < .05 iN.S. N.S.

B3LOCK VI TIME 1.S. a < .01 i1*S*

TIME ELPEDI.S. Ip < .01 N.S.
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PII
minutes; Main Track, 382 minutes).

Analyses of the IM Block Score Data - To determine the effects of
IIA and SPM on first attempt scores on the end-of-block tests, two-way
analyses of variance were run. In Blocks I, I, and III the baseline
CMI/SPM main effects were significant, with SPM students scoring lower
than the baseline CMI students. However, the largest single difference
is for fiain Track in Block II where SPM students averaged 79.9% and non-
SPHl students averaged 83.4%. In Block IV, the main effect of IIA was
significant for block score with IIA scoring higher than Main Track
(33.3% versus 81.7%).

Analyses of the IM 3lock Fail Rates - To determine the effects of
IIA and SPM on first attempt block failures, chi-square analyses were
used. There were no significant differences in any blocks.

Surmary and Conclusions for the IM Course. The questions addressed
by the1ST analyses in IM are:

1. What are the student time savings if IIA is added to the base-

line (Main Track with baseline CMI)?

2. What are the student time savings if SPH is added?

Under the conditions investigated in the IST, introducing IIA for
one fourth of the IN course resulted in saving 2% to 4% of the total
course length. The introduction of SPM resulted In saving 9% to 11% of
total course length. The combination of IIA with SPM reduced course
length by more than 121. These gains are the result of superimposing
IIA and SPKI on a self-paced course with baseline CMI.

Testing in the MF Course

Because of a lower student entry rate (20 per week), IST results
in thp MF course were not as conclusive as the results in the IM course.
At tha start of IST, all students in the MF course were under CMI with
random assignment to alternative modules. Two weeks later, an IIA
version was implemented. As those students in the course started a new
block, they were randomly placed in either the IIA or the random
assignrent version of the course for their remaining blocks. Students
entering the course subsequently were randomly assigned to one of the
same two versions. After 12 weeks, the SPM functions were implermented
in the [IF course. The 1ST design for MF is represented pictorially as
follows:

I.
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i Phase I Phase II

Random Assignment
Version Group I Group 3

I IA
Version Group 2 Group 4

0 weeks 2 weeks 12 weeks 29 weeks

Implementation of the IIA version was delayed in order to use the
additional random assignment data in deriving regression equations for
IIA. A student in the Random Assignment version was, on lessons with
alternative modules, assigned randomly to one of the available modules.
A student in the IIA version was assigned to the best module, witt,
"best" defined as for the IM course.

The extent of IIA in the MF course was as follows: in Block I,
5 of 9 lessons had alternative modules accounting for approximately 56%
of block time; in Blocks II, III, and IV, respectively, 1 of 10, 1 of 9,
and 1 of 12 lessons had alternatives accounting for approximately l0 of
block times; and in Block V, 1 of 9 lessons, or 6%, had alternatives.
The software fault and the data base error that invalidated some IM
data had the same effects in the MF course, and the same exclusions
were applied.

Analyses and Results for the MF Course. The groups in the MF
analyses are relatively small, particularly in Phase II. Consequently,
the results must be interpreted with caution. The only statistically
significant time differences are the savings due to SP;i in Blocks I,
II, IV, and V, but larger sample sizes might have disclosed additional
significant effects.

Equivalence of the hF Groups - Similar to the analyses used in IM,
four-group discriminant analyses were run for each block using all pre-
assessment variables as discriminators. None of the discriminant
functions were statistically significant, indicating that the groups
did not differ significantly with respect to preassessment measures.

Analyses of the 1F Time Data - lock times, excluding absence
times, are shown in Table 5. In four of the five blocks in Phase I,
students in the Random Assignment condition took less time to complete
than did students in the IIA version. The exception was Block III,
where IIA students had the shorter time. Under the Phase II SPM con-
dition, IIA students completed Blocks I and II in less tine than did
Random students, but took more time to complete Blocks II, IV and V.
Summinq across blocks to derive totals for Blocks I through V (Table 5)
shows that in Phase I the Random stud;nts averaged 666 minutes less for
the five blocks than did IIA students, a difference of 8.6%. In Phase

24
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II (with SPM) the Random students averaged 128 minutes less than the
IIA students, a difference of 1.3%.

Comparisons of Phase I with Phase II indicate that, for the IIA
version, the addition of SPM to the CMi functions of Phase I resulted
in a saving of 1201 minutes, or 14.3%. In the Random version the data
indicate a saving of 661 minutes due to SPM, or 8.5,. In the overall
comparison, a 6.9% saving over Main Track Baseline CMI (random assign-
w ent) was realized by introducing [[A plus SP4 (although IIA was not
as good as random assignment).

Course elapsed time was also analyzed. This variable includes
administrative and testing time that is not in the sum of the block times,
and the data include only students who started and completed the course
during Phase I, or during Phase II. The results (Table 6) indicate that,
in Phase I, Random was better than IIA by 9.0%, but in Phase II, IIA
was better than Random by 0.5%. Table 6 data further indicate that SPM

li, resulted in saving 9.0% for IIA students and 0.4% for Random students.
The overall comparison of Phase I Random with Phase II IIA shows that a
0.9% saving over baseline was realized by introducing IIA plus SPM.

To determine the statistical significance of these results, two-way
analyses of variance were run on each of the block times and on course
elapsed time. Table 7 shows the significance levels for the main effects
and interactions. The main effect of SP14 is significant in Blocks I, II,
IV, and V. The two-way interaction is significant only for Block I.

Analyses of the MF Block Score and Block Fail Rate Data - Two-way
analyses of variance were run on first attempt block scores, and chi-
square analyses were run on numbers of first attempt block failures.
None of the block failure differences and only one of the block score
differences reach the .10 level of significance -- in Block II, the
average block score under SPM is 4.1 points higher than under baseline
CMI.

Sunnary and Conclusions for the MF Course. The data and analyses
reported in Tables 5, 6, and 7 indicate that the very limited IIA in the
MF course did not result in any statistically significant effects on
either block times or course time. The effects of SPM are statistically
significant in blocks I, II, IV, and V, and course elapsed time shows
the expected result of decreased time under SPM. From Tables 5 and 6,
estimates of the savings attributable to SPM range from as low as 0.4%0
(Waseline CMI versus SPM, Random Assignment, course elapsed tir, ) to as
high as 14.3%. (Baseline CMI versus SPM with IIA, sums of the block
times). The best overall estimate of savings due to SPM in the MF course
may be 6.7.0, the result of averaging the six estimates derived in Tables
5 and 6 (8.5%, 14.31M, 6.9%, .4%, 9.0, and 0.9%; average= 6.7.)..
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TABLE 7. Significances of Results from Two-Way Analyses

of Variance on Time. Data from the MF Course.

p > .10 is shown as N.S.

14I! EFFECT A: MAIN EFFECT B:
lof IIA VS. BASELINE CMI VS. INTERACTION:

.. _____. ___ RANDOM CMI WITH SPM A x B

BLOCK I TIME ;I.S. p_ <.01 p < .01

BLOCK II TIME ti.S. p < .01 il.S.

BLOCK III TIME ,I.S. N.S. 4.S.

BLOCK IV TIME tI.S. p < .05 4.S.

BLOCK V TIME N.S. .p< .01 A.S.

COURSE ELAPSED
TIML l.S. .S. N. S.
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Testing in the PME Course

At the beginning of the 1ST, PML students were under C14I in 61sLoks
V11 to XII, with random assianment to the alternative modules. The small
numbers of students enterinq the AIS PME course, about six par week,
warp not sufficient to support multiple test conditions. Dluring Phase
1, students were assigned randorily to alternative modules. Phase Il
began with the introduction of Learner Choice in Blocks VII-XI on
lessons with alternative modules and the introduction of a limited form
of SiP' in Blocks VII-IX. SP14 was itiolernentod in Blocks X-XII in Week
22. The IST desigin for PM'E is represented oictorially as follows:

Phase I IPhase HI
baseline CMI with CMI with SPM and Learner
Randon Assignment to Choice
Alternatives

Group I Grouo .3
blocks V11, VIII & IX blocks VII, VII1 & IX

Group 2 Group 4
Oiocks X, X1 &. XII Learner Choice blocks X, XI

Added, X ai Xl-v- and XI1

3) weeks 12 weeks 21 weeks 30 weeks

By block, the nunbers of lessons with alternative modules and the total
numbers of lessons in the blocks were: Block V11, 4 of 30; Ulock VIII,
4 of 39; Block IX, 3 of 36; Block X, 7 of 4?; Block X1, I of 47; and
Tlock XII, none of 16. Ether lessons in the course had alternative
modules, developed either for second attempt remediation or for
exceptional students, and assigned only by instructors. During 1ST,
the Learner Choice function was not used for these lessons.

Under Learner Choice, the student prescriptions assigned the stu-
dent's next lesson and recorlvnended one module (based on resource con-
siderations), but added that other moduls wer available and could be
studied instead. The limited SPHt that was imaplemented in the PME course
included days ahead or behind target on the students' first
prescriptions of each day, and on the instructors' daily roster print-
outs. Unlike the full SPM in the M course, however, students did not
receive the lesson on time management in self-paced courses and did not
plot their daily progress.

1219



Analyses and Results for the PME Course. Because of the low student
entry rate (six students per week) and the length of the course
(nominally 30 weeks), the testing that could be accomplished in the PHE
course was limited. In Blocks VII, VIII, and IX, where learner choice
and SP!1 were added to Baseline CMI in Week 13, the block times, scores
and fail rates, and the lesson times for learner choice lessons in
Phases I and II were analyzed. In Blocks X and XI, where learner choice
was added in Week 13 and SPM was added in Week 22, preliminary analyses
indicated that learner choice had no significant effects on block times,
scores or fail rates. Therefore, the IST analyses reported for these
blocks treat the first 21-week period as Phase I, and the final 9-week
period as Phase 1I. In Block XII, with no learner choice lessons, Phase
II is the final 9 weeks.

Equivalence of the PIE Groups - Similar to the analyses used in IM,
two-group discriminant analyses using all preassessment variables simul-
taneously as discriminators were run. None of the discriinant functions
were statistically significant. In other words, it cannot be asserted
statistically that the groups differ with respect to preassessment
measures.

Analyses of the Pr4E Time Data - The mean block tines for the AIS
blocks are shown in Table 8. Block tines decrease under SP4 for Blocks
VII, IX, X, and XII; time in Block VIII is essentially the same under
SPii and under 3aseline CII; and time in Block XI is slightly increased
under SPM. One-way analyses of variance indicate that the tine
differences in Blocks X and XII are statistically significant. Overall,
the totals of the mean block times for Blocks VII-XII (Table 8) indicate
that the Phase II conditions resulted in a 5.1' time saving.

Jata on course elapsed times in Phases I and II were not available
from the IST because of the length of the course.

Analyses of the P'1E Block Score and Fail Rate Data - One-way
analyses of variance were run on first attempt block scores in Blocks
VII-XII. In all blocks, scores were somewhat hijher under the Phasp
II SP:1 condition. The differences ranged from a 0.1% increase in the
average first attempt score in Block XI to a 4.9% increase in Block X.
ilowever, these differences were statistically significant only in Blocks
VII and X.

Chi-square analyses of first attempt block fail rates in Blocks
VII-XII indicated only one significant difference: first attempt fail
rate in 3ock X dropped from l .8% in Phase I to 4.5,0 in Phase II.

Analyses of the Effects of Learner Choice in PilE - In addition to
the block-level analyses described above, lesson-level andlyses ware
carried out on the times to complete the learner choice lessons only.
Table 9 sumdrizes the results of these analyses. Only the Block IX
difference is significant. Coparisons of the learner choice lesson
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TABLE 9. fiean Times (Minutes) to Corplete Only the

Learner Choice Lessons in the PME Course

:UTBER OF MEAA TIrIE TO COMPLETE SAVED BY
LESSO1S ALL ICLUDED LESSONS PHASE II

BLOCK IINCLUDED PHASE I PH II COIUDITIONS,%.

VII 3 509 (;=55)! 499 (N=68) 2.0

Vill 4 615 (33) 610 (35) 0.8

IX 2 174 (53) 197* (51) -13.2

X 7 663 (41) 672 (20) - 1.4

XI 1 76 (89) So (33) - 5.3

BLOCKS VII-XI 17 , 2037 2058 - 1.0

*p < .10, Phase I ti,,ne vs. Phase II ti,.

32-



time differences in Table 9 with the block time differences in Table 3
indicate that learner choice did not account for a substantial part of
any of the block time differences.

Sun mary and Conclusions for the PM4E Course. Learner choice did
not significantly affect block times in the P;IE course. However, the
numbers of cases analyzed are not sufficient to provide definitive
answers as to the effectiveness of learner choice as an instructional
strategy.

The introduction of SPIM, even in the limited forn i;iplenented in
the PME course, appeared to result in approximately 5% reduction in
training tine. However, the number of cases was relatively s;iall, and
this effect reached statistical significance only in Blocks X and XII.
Additional savings should result fron implenenting full SP'I and from
improving adninistrative procedures to furthar exploit the feedback pro-
vided by SPMI.

Testing in the 4JT1 Course

During Phase I of the IST in the WV course, students were randomly
assigned by the baseline CMI System, to the alternative modules in tha
AIS Blocks V to XIII. Phase II began when the SPNI functions were intro-
Juced in blocks I to ;Ill. The IST design for I.I..1 is represented
pictorially as follows:

Phase I: Baseline CMI,
Random Assignment to Phase I: CMI with STI
Alternatives

Group 1 Group2

0 weeks 13 weeks 23 weeks
15 weeks:
Heuristic Assiqnment

The main track development in *AM placed heavy emphasis on audio-
visual (A/V) modules. The only alternative materials utilized in the
WI course during IST were black-and-white printed versions of the A/V
modules, or combinations of the A/V and the printed haterials. These
alternatives had been developed only as a printed backup to the main
track A/V nodules, and were not designed and developed specifically to
facilitate learning for a subset of students. Therefore, the conditions
in the VWM course could not be viewed as a t.st of the effects of II.
Logical assignment rules (heuristics) for assigning students to the A/V
or printed alternatives were introduced in Week 16.

The principal IST effort in the WM course was directed toward
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determining the effects of the SPM functions of the system. The course
operated through Phase I under the baseline CMI system, i.e., self-paced
with all of the regular CMI features of scoring by total score and by
objective, assignment to lessons, rosters, resource management and
reports, and with random assignment to alternatives. In Phase II, the
lesson on how students should manage their time and efforts in order to
succeed in a self-paced environment was introduced at the beginning of
the course. The individual charts, on which students plotted progress
toward a targeted graduation date (derived by the computer and based
on preassessment test scores), were also implemented. Instructors were
briefed on the meanings and uses of the SPM information which was
printed out on their learning center rosters and were encouraged to use
the information in counseling students who were falling behind.

Analyses and Results for the WM Course. Equivalence of the WM
Groups - Similar to the analyses in IM, two-group discriminant analyses
using all the preassessment variables simultaneously as discriminators
were performed for the Phase I/Phase II groups for each block and for
the course. The analyses indicated that the groups were significantly
different with respect to the preassessment measures. The trend was
toward higher ability students !n Phase II. Therefore, analysis of
covariance was used in the subsequent analyses of block and course
times and block scores. The covariates in each analysis were the five
preassessment variables which, in the discriminant analysis, were found
to be the most important discriminators for the block or the course.

Analyses of the WM Time Data - Block times, corrected statistically
r preassessment differences, are shown in Table 10. The Phase II

conditions (SPM and heuristic assignment) result in time savings of
more than 5% in every block except Block VII. Overall, the time saving
for Blocks V through XIII was 13.9%. The analyses of covariance in-
dicated all of the time differences shown in Table 10 were significant.

Course elapsed time in Phase I averaged 15,800 minutes, and in
Phase II averaged 13,192 minutes. The saving in course elapsed time
was 16.5%. Course elapsed time includes Blocks I to IV, which were not
fully under CMI until Week 16. Some of the difference between the 13.9%
saving realized in Blocks V to XIII and the 16.5% saving realized for
the course can be attributed to new materials Introduced into Blocks I
to IV by ATC during Phase II of the IST.

In order to assess the effects of introducing the logical assign-
ment rules (heuristics) during Phase II, the mean lesson times for only
those lessons with logical assignment rules were analyzed. None of
these lesson times showed significant decreases after the introduction
of the assignment rules. Thus, the Phase II time savings cannot be
attributed to the heuristic assignment rules.

Analyses of the WM Block Score and Fail Rate Data - Because of
the marked time savings achieved in Phase II, the first attempt block
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TABLE 10. Mean Block Times (Minutes) in the WM Course

During IST, Excluding Absence Time and Corrected

for Preassessment Differences

PHASE I: BASELINE CMI PHASE II: SPM SAVED BY
BLOCK RANDOM ASSIGNM4ENT WITH HEURISTICS PHASE II CO.DITIONS,%

V 1896 (N=532) 1637** (N=446) 13.7

VI 1719 (535) 1416** (292) 17.6

VII 477 (531) 508** (438) -6.5

VIII 2019 (461) 1913* (290) 5.3

IX 981 (450) 751** (135) 23.4

X 973 (462) 851** (139) 12.5

XI 1257 (483) 1040** (195) 17.3

XII 1091 (459) 892** (148) 18.2

XIII 902 (465) 731** (118) 19.0

TOTALS 11315 9739

'-PHASE II SAVING, 13.9%-

*p < .05 for Phase I vs. Phase II difference

** < .01 for Phase I vs. Phase II difference

1.

1,3
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scores and the first attempt block fail rates wore examined in detail.
Table 11 summarizes these data. The scores were higher during Phase
I in Blocks V, VI, and X; higher during Phase II in Blocks VIII, IX,
XI, XII, and XIII; and equal in the two phases in Block VII. Across
Blocks V to XIII, first attempt block scores average 30.1% during
Phase I and 80.4% during Phase II. Analyses of covariance indicated
that the score differences were statistically significant in Blocks VI,
IX, XI, XII, and XIII. In the remaining blocks, the differences were
not significant.

First attempt block fail rate data are summarized in Table 11. Chi-
square analyses indicated that the differences in Blocks VI, VIII, X,
and XI were significant, as were the differences in Blocks IX and XIII.
Unlike the block time and block score analyses, however, the analyses
of block fail rates were not adjusted for preassessment differences.

Summary and Conclusions for the WM Course. The introduction of
full SPM functions in the W14 course resulted in very substantial re-
ductions in block and course times, with some detectable but probably
not practically significant increases in block scores and decreases in
first attempt block fail rates. Savings amounted to a 13.9% reduction
in total time for Blocks V through XIII. The analyses indicate that
little, if any, of this time saving can be attributed to the intro-
duction of logical assignment rules for some of the media overlap
lessons in the course. As a result, virtually the entire 13.9% saving
must be attributed to the addition of the SPM functions to the C!fI
system.

Student Attitude Data

Each student in the AIS courses during IST completed a 40-item
attitude questionnaire at the end of the first AIS block of instruction
and again at the end of the course. This questionnaire was intended to
determine how students reacted to various features of the AIS courses.
The results from these questionnaires are included as Appendix C to this
report and reflect generally favorable attitudes toward the AIS courses.

Training Time Savings From IIA and SPI

In the IM course, many of the alternative modules were developed
using state-of-the-art educational research and developiient methods.
Some alternatives, however, were developed to fill pressing and
imediate needs and were designed without benefit of statistical
analyses to guide the design toward a target subgroup of students.
Nevertheless, savings of 4.2% in Phase I and 1.9% in Phase II suggest
that 3% is a reasonable estimate of the time saved in I1 due to IIA.
This 3% was realized through application of IIA for only 27% of the
course.
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TABLE 11. Mean First Attempt Block Scores and First Attempt

Block Fail Rates in the WM Course During IST

BLOCK SCORE % BLOCK FAIL RATE, %

BLOCK PHASE I PHASE II PHASE I PHASEII

V 73.0 77.2 3.5 3.1

VI JO.3 78.I*** 4.4 7.3*

VII 86.5 86.5 2.0 1.5

VIII 74.6 74.8 10.6 6.9*

IX 81.7 83.7** 6.1 1.9**

X 82.2 81.3 6.0 2.8*

XI 8O.7 82.4*** 7.1 3.6*

XII 75.6 76.7*** 22.5 17.6

XIII 80.3 82.5** 8.3 3.5**
M.EANIS,

BLOCKS 80.1 80.4 7.8 5.4
V-XIII

* .K 10 Tur Phase I versus Phase II

** p_ <. .05 for Phase I versus Phase II
<* .01 for Phase I versus Phase II

I.

I , . 3 7

1' .



The introduction of SPII into the IM course resulted in time savings
of 8.9% for IIA students and 11.1% for main track students. Assuming
that the average of these two figures is the best available estimate of
the time savings due to SPM, then the resultant net estimate is 10.0%.

The overall measure of IM time savings, derived by comparing the
baseline CMI course (Phase I Main Track) with the full CMI-SPM course
(Phase II IIA), is 12 .o*.... After adopting some compromise values for
percent savings, Table 12 shows the time savings attributable to IIA
and SPH in the Ill course. The following assumptions entered into the
calculations for Table 12 entries:

1. IIA saved 3%, SPIt saved 10% and the combination of IIA and
SPM saved 13%.

2. The It course graduates 2820 students per year (60 students per
week entry for 50 weeks with 6% attrition).

3. Baseline length for the IN1 course is 16J hours (the average
course elapsed time for Phase I Main Track students).

4. A student-year in the II course has 1440 in-class training hours
(forty-eight 5-day weeks with 6 in-class hours per day = 1440
hours).

As indicated in Table 12, the result of IIA is a saving of almost
10 student years per year of course operation; the rpsult of the SP.I
functions is a saving of more than 32 student years per year; and the
total is more than 42 student years saved per year.

Table 13 shows the savings attributable to SP:1 in the MIF course.
The following assumptions were made:

1. The SPH functions saved 6.7%.

2. The MF course graduates 940 students per year (20 students per
week entry for 50 weeks, with 6,% attrition).

3. Baseline length for the 'IF course is lj9 hours (the average course
elapsed time for Phase I students).

4. A student year in the 'IF course has 1441) in-class training hours
(forty-eight 5-day weeks with G in-class hours per Jay = 1441)
hours).

As indicated in Table 13, the result of SPi is a saving of 6.1

student years p~r year of course operation.

Io In tho P!IE course, SPi resultnd iii a 5.1% tie savinjs. Tabl 14

shows the yearly savings attributable to Si in the PI[ coursre. ThoD

3d



TABLE 11. Mean First Attempt Block Scores and First Attempt

Block Fall Rates in the WM Course During IST

BLOCK SCORE. % BLOCK FAIL RATE, %

BLOCK PHASE I PHASE 11 PHASE I PHASE II

V 73.0 77.2 3.5 3.1

VI 30.3 78.I*** 4.4 7.3*

VII 86.5 86.5 2.0 1.5

VIII 74.6 74.8 10.6 6.9*

IX 81.7 83.7** 6.1 .9*

X 82.2 81.3 6.0 2.8*

XI 30.7 82.4*** 7.1 3.6*

XII 75.6 76.7*** 22.5 17.6

XIII 80.8 82.5** 8.3 3.5**
ME ANS,
BLOCKS 80.1 80.4 /.8 5.4
V-XIII

p p .10 for Phase I versus Phase II
* < < .05 for Phase I versus Phase II

*p .01 for Phase I versus Phase II

i.
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following assumptions were made:

1. The SPM functions saved 5.1%.

2. The PME course graduates 270 students per year from A and B
shifts (six students per week entry for 50 weeks with 10%
attrition).

3. Baseline length for the AIS portion of the PME course, Blocks
VII to XII, is 410 hours (average time for Phase I students to
complete Blocks VII to XII).

4. A student year in the PME course has 1440 in-class training
hours (forty-eight 5-day weeks with 6 in-class hours per day
a 1440 hours).

As indicated in Table 14, the result is a saving of 3.9 student years
,ft per year of course operation.

In the WM course, SPM resulted in a 13.9% time savings in Blocks
V to XIII. Table 15 shows the savings attributable to SPM in the WM
course. The following assumptions entered into the calculations for
Table 15 entries:

1. The SPM functions save 13.5%.

2. The WM course graduates 2820 students per year (60 students per
week entry for 50 weeks, with 6% attrition).

3. Baseline length for the WM course, Blocks V to XIII, is 188
hours (average time for Phase I students to complete these
blocks).

4. A student year in the WM course, Blocks V to XIII, has 1920 in-
class training hours (forty-eight 5-day weeks with 8 in-class
hours per day n 1920).

As shown in Table 15, if only Blocks V to XIII are considered, SPM
results in saving more than 38 student years per year of course
operation. Assuming that the 13.9% savings measured in the upper blocks
also applies in Blocks I to IV, then SPM would save an additional 10.8
student years per year. The total savings in student time for the WM
course would then be approximately 49 student years per year of course
operation.

The combined gains, from IIA and SPM in the IM course and from SPM
in the MF course, in Blocks VII to XII of the PME course, and in Blocks
V to XIII of the IM course, are 91.2 student years per year. The total
gains, if the estimate for WM Blocks I to IV is also included, are 102.1
student years per year.
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IV. RELIABILITY ArID VALIDITY OF CrII FUNCTI0MIS

Reliability of Scoring and Storing Preassessient Data

Each student who enters an AIS courso completes an AIS re.jistraticn
form and answers a battery of prpassessment tests on IIS generalized
test fors. The registration forms are read by a managemlent terminal
and the data they contain are used to establish individual, computer-
ized Student Data Profiles (SDPs). Each SDP includes the student's
name; social security number; date of birth; sex; formal civilian
education completed; whether U.S. or foreign military or civilian; if
military, the branch of service, status and grade; training squadron;
type of student (e.g., non-prior service enlistee); date arrived on
bas, course attending; date training started; and training shift.
Addicionally, the student's preassessient test fornis are read by the
terminal, scored according to keys maintained in the computer, and the
results stored as part of the student's individual SDP. The SDP is then
used in the C:I system to make alternative module assignments and course
completion predictions for the student. The SDPs are also available
to course instructor and supervisory personnel for counseling purposes,
and to manageaent personnel for analyzing such factors as how well stu-
dents of differing abilities are able to perform in the course. It is,
therefore, essential to effective performance of AIS CMI functions that
registration and preassessment lata be correctly read, scored, and stored.

Procedure

During the IST, five student-completed sets of foris (one regis-
tration and four preassessment forms per student) were collected from
each of the four AIS courses (I1, MF, PME, and WI). The student-entered
data on the 20 registration forms were transcribed manually to listing
sheets and, after correcting mechanical errors made by the students
(partially marked responses or incomplete erasures), the for:is were read
at the management terminal. Then, the resulting computer-stored SDPs
were displayed at an interactive terminal and the registration data were
transcribed manually to the listing sheets. An item-by-item comparison
was made between data transcribed from the registration forms and data
transcribed fro, the SDP.

The student-entered data on the 80 preassessment forms were tran-
scribed manually to listing sheets, with each preassessment scale or
subscale being manually scored. After correcting mechanical errors
made by the students, the forms were read at the management terminal.
The resulting SDPs were displayed at an interactive terminal and the
preassessment data were transcribed manually to the listing sheets. An
item-by-item comparison was made between the responses and scores
derived manually from the forms and the responses and scores stored in
the SDP.
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Results

For the samples of 20 registration forms and 80 preassessment forms,
the data from manual transcription and scoring corresponded 100% with
the data stored in the SOP. Scoring and storing of AIS preassessment
and registration data are reliable.

Predictive Validity of Preassessment

A major purpose of AIS preassessment testing is to provide data on
student characteristics which can be used by the CMI system in making
alternative module assignmients and in predicting progress in the course.
The assignments and the predictions are based on heuristic decision
rules or on regression equations derived through analyses of preassess-
ment and within course data. There are two primary questions regarding
the predictive validity of the preassessment tests. First, is each of
the preassessment tests used in one or more of the assignment or pre-
diction equations or rules? Second, do those equations or rules result
in correct assignments or predictions? This section of the IST was con-
cerned only with the first of these questions. The second, validity of
the equations, is the subject of Section III of this Report.

Procedure

A complete listing of all the assignment and prediction equations
or rules, along with the specific use of each equation or rule, was
obtained for each AIS course. These listings were sorted and transcribed
to produce a listing showing, for each scale or subscale score derived
from the preassessment test batteries, the locations and uses made of
those scores by the CMI system.

Results

All preassessment tests, with the exception of the Delta Blo-
graphical test, were used in one or more of the assignment rules or
prediction equations (see Appendix A for a listing of preassessment
tests). Frequencies of occurrence in the rules or equations for the
various preassessment scores ranged from a single usage up to 37 separate
occurrences.

Reliability of Scoring and Storing Within Course Test Results

Iithin course testing in AIS includes three general categories:
lesson tests, block tests, and student attitude questionnaires. Students
mark their responses on machine-readable test forms. These forms are
read at the management terminal and the results (ite responses or
scores) are stored in the student's SOP. The lesson and block test
results are used in the CMI system to make pass/fail decisions and to
predict time and score for subsequent lessons and blocks. Student
attitude data are used in periodic reports on attitudes toward AIS
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materials and procedures. The results of within course testing are
available to course personnel for counseling purposes, for judging the
effectiveness of course materials, and for detecting shifts in student
attitudes and performances. These tests must be correctly scored, and
the results properly stored, if the AIS CMI system is to perform its
functions adequately and correctly.

Procedure

During the IST, two student-completed block test forms were obtained
from daily course transactions for each of the AIS block test versions in
use. The block test forms in the samples were submitted at the manage-
ment terminal to obtain the resultant student prescriptions. Each form
was scored manually for total score and for failed objectives, and these
data were transcribed to listing sheets. Item responses were compared
directly with the computer-produced data on the corresponding printed
prescriptions.

Twenty student-completed lesson test forms that included at least
one form from each of the AIS blocks were drawn from daily operations
in the four AIS courses. The 80 lesson test forms in the samples were
scored manually for total score and for failed objectives and these data
were transcribed to listing sheets. Item responses were again compared
with the computer produced data on the printed prescriptions.

Student attitude questionnaires are administered at two points in
the IIl, tIF, PME, and W11 courses. A sample of five student-completed
forms was obtained from each of these adrlnistrations and the responses
from the resultant 40 forms were transcribed to listing sheets.

The SDPs were displayed at an interactive terminal, and the block,
lesson, and attitude test data were transcribed manually tc the listing
sheets.

Results

The comparisons of manually derived data with coriputer-stored and
printed SOP data for the 80 lesson and 40 attitude forms indicated 100%
correspondence for all items and scores.

During comparisons of manually derived data with SOP data for the
block test forms, a number of discrppancies were observed. It was
determined that the software routines supporting block test regrading
were utilizing lesson level coding and thus creating erroneous
objectives-failed data at the block level in the SDPs. As a result,

1. necessary software corrections were made and replacement samples of
block test forms were obtained and processed. The replacement samples
all yielded 10% correspondence between manually derived and computer-
produced S3P data.
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Validity of Within Course Tests

The AIS within course lesson and block tests were constructed
using procedures oriented toward achieving content validity. Within
course tests were developed by, or with the cooperation and assistance
of, subject-matter specialists. Additionally, the tests were implemented
only after the subject matter specialists agreed that the test questions
adequately sampled the content being taught in the block or lesson. The
nature of the AIS test development process insured that the tests had
content validity. Consequently, the 1ST did not include testing of
within course test validity.

Reliability and Validity of the Course Data Base

The Course Data Base is a set of files containing records which
provide all of the course characteristics and course configuration
information necessary for the CMI system to correctly perform its student
and resource management functions. The Course Data Base consists of the
following files and records:

1. Course File - One record for each version of a course.

2. Course Hierarchy File - One record for each version of a course,
for each block, and for each lesson group.

3. Lesson File - One record for each lesson and each module.

4. Cross Reference File - One record for each course and each

block.

5. Test Key File - One record for each test.

6. Learning Center File - One record for each learning center on
each shift.

1. Resource Class File - One or two records for each learning
center on each shift.

3. Resource Type Descriptor File - One record, covering all courses.

9. Calendar File - One record for each course version.

10. Variables Definition File - one record for each variable
defined to the system.

Tii ely and accurate maintenance of the Course Data Base is critical,
and is the responsibility of the Air Force Data Base Managers designated
for each of the AIS courses. The files are accessed, for display or
modification, through appropriate editors at an interactive terminal.
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Errors in the Course Data Base can result in incorrect student assign-
ments, incorrect resource management, incorrect student performance data,
and/or inefficient system performance.

Procedure

The following samples from the Course Data Base Files were selected
for inclusion in this test:

1. Course File records - Version 1 from III, fIF, PME, and W!I.

2. Course Hierarchy File records - III Block II, 'IF Block 11,
PME Block VIII, and WM Block VII.

3. Lesson File records - Five lessons and their corresponding module
records from each course.

4. Cross Reference File records - II Block II, MF Block III, P7ME
Block VIII, and WM Block VII.

5. Test Key File records - (Testing accomplished under "Relia-
bility of Scoring and Storing Within-Course Test Results.")

6. Learning Center File records - One learning center on one
shift from each course.

7. Resource Class File records - One or two records (as required)
for one learning center on one shift in each course.

8. Resource Type Descriptor File record - All types applicable to
each course.

9. Calendar File records - Version 1 Shift 1 from each of the
courses.

10. Variables Definition File records - Four variabl.s from each
course and four variables conon to all courses.

Results

Approximately 50 record segments, averaging 15 items of information
per seqment, were examined for each of the AIS courses. For the 3000
items of information (50 segments x 15 itens x 4 courses) Pxamined, only
two discrepancies were identifed. In the Block VII MIerarchy File record
for W11, the students per shift count did not agrPe with the number of
students in the learning center. In the Resource Class File record for

|o WM, the number of available resources (21) did not agree with the number
of assignable resources (20). Both discrepancias were determined to be
the result of clerical errors in establishing the data base and were
corrected. Based on the sample results, twc incorrect out of 30(10 items
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examined, the Course Data Base is 99.9% correct.

Peliability of Student Prescriptions

Student prescriptions are the printed outputs from the management
terminals which give AIS students their next assignments. In order to
issue a reliable 1rescription, the C;1I system must correctly determine
th student's current position in th- course; read and evaluate the
student's currant input (the test for,. which initiates the prescription
process); determine which lesson or lessons can be taken next (i.e.,
which lessons are Pnabled); determine which of tie enabled lessons have
available resources (i.e., which lessons are feasible); and select and
print the assignment. The prescriptions issued by the manageent
teroinals are reliable if they assign students to enabled and feasible
lessons.

Procedure

During the IST, 100 prescriptions were drawn frow real-time student
operations in each of the courses. The samples included at least seven
prescriptions from each of the AIS blocks in the courses. Each of the
prescriptions was examined to determine if the dates, times, and stu-
dent account numbers were correct. For each prescription, the date,
time, student account number, and next dssiynment were then transcribed
to report sheets. Aext, the block and lesson completion data in the
student's SDP, plus the block and lesson hierarchies for the appropriate
course and version, were examined to determine if the assigned lesson
was enabled (all prerequisites coipleted). For assignments requiring
computer-managed resources, it was determined whether the required
resources were in fact ifuediately available for the student.

Results

All assignments from all prescriptions in the samples were deter-
,ined to be both enabled and feasible. The reliability of student pre-
scriptions from the CMI system is 10.1.

Reliability of Resource Allocation

Resource allocation is one of the functions of the AIS CMI system.
This function manages all training resources which have been declared in
the Course Data Base as computer-managed. The CMI system balances stu-
dent flow through a course to avoid bottlenecks due to resource unavail-
ability and to maximize usage of critical resources. If a student is
assigned to a lesson when in fact resources for that lesson are not
available, or if the CI1 system determines that a student canrot proceed

I. because of a resource bottleneck when resources are in fact available,
then the resource allocation function is not reliable. The lack of
rpliability would result in inefficient use of student and instructor
tilme. To some extent, this function was tested under "Reliability of
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Student Prescriptions," where no failures of the resource allocation
function were found. However, a more extensive test was desired.

Procedure

For 30 consecutive calendar days during the IST, instructors in the
AIS learning centers gave immediate notice to a test representative of
any instance in which one of the following conditions existed: (a) a
computer-managed resource for an assigned module was not in fact avail-
able for the student's use, or (b) a student's prescription stated that
"A resource for your next assignment is not now available" when in fact
the resource was available. Instructor notification to the test repre-
sentatives was in the form of the student prescription annotated by the
instructor.

Results

During the 30-day test period, the CMI system issued approximately
6600 assignments involving computer-managed resources (1430 in IM/MF,
2770 in PME, and 2450 in WM). From among these 6600 assignments, only
one discrepant prescription was reported by IM/MF instructors; four by
PME instructors; and none by the WM instructors. All five discrepancies
were of the "student bottlenecLd but resources were actually available"
nature.

Based on the system performance during this 30-day period,
reliability nf resource allocation is 99.93% in IM/MF, 99.65% in PME, and
100% in WM.

Following each reported discrepancy, the Course Data Base was
checked for errors. None of the discrepancies was determined to have
resulted from CMI system error; instead, they were attributable to j
erroneous maintenance of the data base at the course level (i.e., clerk
or instructor).

V. SUPPORT SYSTEMS TESTING

The Support Systems of the AIS include the central computer with
peripherals, terminals, communications, and software and the Related
Subsystem which includes facilities, reliability, and maintainability.
The Support Systems were tested and analyzed during the IST in the
operational training environment of the four prototype AIS courses. The
data were accumulated while CMI activities were actually being per-
formed.

During this test period, several of the Support Systems components
were not in a stabilized condition:

1. Additional extended core storage (ECS) hardware for the computer
was delivered and installation was accomplished during the test.
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The installation was accomplished in phases during a 12-week
period, and several operational interruptions occurred. Sub-
sequent to the IST, however, the additional ECS has contributed
to improved uptime, performance, and reliability.

2. Complete configuration control of the software was not achieved.
M',any changes and new features were added to the software during
the IST.

System Load Performance

During IST, the AIS system had 50 interactive and 10 management
terminals electronically connected to the central computer. The Perfor-
nance Monitor Prograi,, which analyzes perfonance data, indicated that
a maxirmui of 19 interactive and 9 ranayeient teri-iinals were in operation

lf at any one time. The average student test fon. transaction rate with
this number of terminals was 13.5 forms der minute.

A system load analysis was conducted using data gathered via the
Ti;,e Sharing Operating System Performanc o. Monitor. This program
collected data on central processing unit (CPU) utilization by the
various system components. Data relative to each coiaponent were then
surimed and linear extrapolations wade for future load. The results
showed that the hardware configuration could accor,'aodate 1)0 inter-
active terminals and a 1300 student load for C! 1, assuming 4% CPU
utilization and 65: utilization of interactive terminals including 15%
for C;1, 190% for authoring, and 49% for CAl.

rIedia System Reliability

During the IST, thp media systei for the IS consisted of approx-
irately 441 media devices--filmstrip, slide, and movie projpctors, tapp
playback units, and vid-o playback units and -,;onitcrs. The instructors
in 'kIS courses com)lpted a irdia failure tac for -ach instance of :.iedia
d-vicp failure iurinq a 5 onth ipricd. r)ata fro:: the tis w-rp used to
establish the mrpdia systm mean *imp hptwpen failures (,TBF). The
rpsults ia sl.owm ir Table Ir.

TAPfLE lr. ?MPdia Syste,? Reliabilizy

11"!'B[ OF

RELV V!T F.AILURES SYSTE1
(. ST.RATI,)N TI'1E OPEITII.1G SY.ST. E C0IT ",CT
,rE.'TL, " T:I'J 10 '1,1.) 1tOU"' 'lTI;F, Bit. RfE UI2LII1,zTS,

_1353 31
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Total system operating hours were calculated by multiplyinj school
days by 12 hours per day. A relevant failure is one whose restoration
ti,,,p is groater than 10 minutes. The MTBF was calculated by dividingj
tile total number of relevant failures into tho systei': cperatin- hours.

Computer Hardware Reliability

Each time an SIS student coipletes a test forr, the studOnt is
required to input the uata on the for;,i to tho central coiiputer Vid a
mmijnaJeient teriinal. Thr central co:iputer is located at AFRiiL, Lowry

F, and is cennecteJ to the i,,anageiaent teriiinals by a co,.vlunication
syste, which includes base telephone lines. The student interaction
procss, 'ihich includes the readiny of the tcst form,, computer process-
ing and the printout of the prescription at the ilanagemert terninal,
typically takes 43 seconds. Any interruption in this process, due to
failures, causes student queues at the teriminals and, depending on the
lonyth of the interruption, causes alternate prucedures to be iiple-
i:rented for the affected course. In either case, interruptions translate
to inefficiency.

The purpose of this portion of the IST was to measure periods of
availability and to identify the major component failures causing inter-
ruptions. The AIS specification require.d that 93 of all AIS course
shifts be operational. Course shifts wpre, for IST purposps, the
standard ATC A and b training school shifts, fro,, 060'3 to 120.) hours
and fro,,i 1230 to IG03 h"ours. "n operational course shift was defined
as a course shift that contained none of the followinu catetjories of
shift failures:

1. Centrcil co!,iputer system co;.iponents inoperable for rore than IUc
,inutes during tie shift, exceptinj failures due to software,
external power, water chiller, co;,munication lines, and orer-
ator errors, anJ excepting coiponent failures that still
allowed the courses to bc operational under CMI.

2. 2anagement terminal inoperative for m:ore than 2 hours.

lore than one iianagement termiinal inoperative in any course
for mcre than P', minutes.

4. Coitiunication site controller inoperative for Fore than 2
hours.

An additional goal was to achieve 95". ovsrall systemi up tiria, in-
cluding failures due to hardware, software, personnel, and Governint
furnishod equiptlent (GFE).

Procedure

At the central co!;iputer site, a lo3 book was maintdined by the
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computer operator who noted by event and time all major system events. A
clerk for each course also noted, in a Problem Report, all events
associated with any system interruption. Data were collected from these
logs and from certain othpr computer program reports. A weekly sumary
report was prepared in which failures, downtime, and systeoa effectiveness
data were detailed. These summary reports were presented, discussed,
and agreed to at weekly test coordination meetings between representa-
tives of AFHRL/TT, Defense Contract Administration Services Management
Area (DCAS.IA), and MIDAC.

Results

Sumrmary. The 31 weeks of operation during the IST represent a train-
ing period of 1800 hours, and 900 course shifts. An overall system up
time of 95.6%, including all failure modes, was achieved. Operational
status was achieved fcr 92.2% of the course shifts.

Number of weeks of test.. . .. ... ... 31 Weeks
'Number of school hours tested . .. . . . .. 1 .11M hours
Nuriber of school hours system ep-ratienal . .1721 hours (93.C:')
iuriber of cours- shifts during test ....... . 990 shi fts
Number of course shifts declared operational . 630 shifts (92.2')

:luriber of syste, interruptions caused by:

Coimputer Hardware ............... 65 failures
Software/Personnel .... ............ 9J failures
Cormrunications ... .............. ... 9 failures

Availability. Of the 65 coiiputer hardware failures, accounting
for 72 hours 17 minutes of downti;me, IC caused an opprational inter-
ruption greater than 12 minutes. Eighteen minutes is 5" of a 6-huur
shift and was used as the contractual limit for a shift being judged
operational. Six failures accounted for u2 hours of down tiem. If
these six failures were discounted, thE total re;,iaining down time for
the system caused by the computer corponents would he 1M hours 17
i,,inutes, with an average of 10 minutes per failure. The coiiputer hard-
ware co,.iponents accounted for C6 of the 70 shift failures, with ECS
probleiis being the primary factor.

The overall availability of t;ie coi-puter hardware during IT, in-
cluding periods of syster.i usage beyond the 12-hour daily course periods,
was 9(.3". The overall availability thirough the 3 1/2 yoars follo wing
installation acceptance was 97.3,.

KCoi11iutor Software. There were 9; softwarr/7)ersonnel failures
accounting for 12 hours 3? rinutes (752 ninutas) of down tii-i. Three of
these failures excoeed lm imiinutes. If they were discounted, the average
down tii-.e for this typ, of interruption would he 5 minutes.

l 53

. .. .'. ..i .... . .' ............l I I ' .. ...I I



Comunication Hardware. ;Mine comunication hardware failures
accounted for 3 hours 40 minutes. Of these, one caused three shift
failures. These were included in the mainframe system components
category because the failure was in the communications interface unit
(CIU), which has the same effect as a mainframe failure.

Management Terminals. Of the nine management terminals, an average
of four terminals a week developed problems. These problems were
usually resolved within 20 to 30 minutes, and caused only one shift
failure. The printer and reader were the most significant failure items.

Media Device Maintainability

Log books were provided in classrooms to record on-line equipment
maintenance times. Utilizing these log books, plus failure tags and data
recorded on the failure reports, the following parameters were deter-

lot, mined:

1. Mean and 90% upper limit to repair on-line equipment.

2. Mean and 90% upper limit to remove and replace media equipment.

3. Maintenance hours per operating hour.

4. Mean and 90% upper limit to repair off-line equipment.

Logbooks had to be used exclusively to determine parameter 1.
This was the most difficult area for data collection because this kind of
maintenance was not reported in sufficient quantity to insure a reliable
result. It was estimated that no more than 20% of the failures of this
type were reported. Failure to report these data also biased the main-
tenance manhours per operating hour on the low side since the number
of failures and subsequent maintenance times were abnonially small
while the system operating time remained the same. Results are shown
in Table 17.

Failure tag data were used to determine parameter 2. As mentioned
previously, data on these tags were sometimes unreliable and occasionally
indicated abnormally long restorations. As shown in Table 17, the
restoration goal was not met. It is quite probable, however, that if the
failure tag and log book data had been accurate, the goal would have been
met.

Parameter 3 was determined by using the total times due to all re-
ported occurrences in parameter I and dividing by the total system oper-
ating time. Table 17 indicates that the goal for this parameter was met.

I- Data for determination of parameter 4 were taken from failure
reports written for each failure occurrence. Sufficient data were
gathered to verify compliance with the goal (Table 17).
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Reliability of MIedia Devices

Prior to the IST, instructors in the 11, IF, P11C, and WM courses
were briefed on the procedures for collecting data required to establish
uevice reliability, maintainability, down time, and system reliability
of wedia devices. The data for device reliability neasurements were
taken from the failure renorts and the Course Evaluation Sumnary (CES)
reports. Operatinq hours for the media devices were esti;iated bY
multiplying the numbers of students taking tht. mediated modules by the
average times on those modules. Failures ,.iere categorized by iIDAC and
agreed upon by AFHRL and DCAS:IA weekly during the test period. The
categories of failures were:

Category I - A failure that requires a part replacenent, coii;lete
rework of an existing part or an otherwise time con-
suning effort to repair;

Category II - Such incidents as loose hardware, missing parts, etc.,
and all adjustments, lubrication, cleaning, etc.;

Category III - Failures caused by humians during operation or main-
tenance;

Category IV - Those failures for which the cause is unknown; and

Category V - Failures of some easily replaceable items such as
light tulbs. iiowever, if a liqht hulb fails ,ore
often than the lifetirie prediction or it is difficult
to replace, it is placed in Category I.

The total number of Category I failures was then divided into the total
hours to yield the ,ITBF. Data gathered prior to the test period were, in
some cases, added to give the final results shown in Table L3.

As indicated in Table 1d, all units except the iotion picture projec-
tor and the filrstrip unit met the reliability goals. It should be
noted that some of the measured '.lT[Fs are not reliable due to insuffic-
ier t hours of utilization. These include video playback units, TV
nonitors, and slide projectors.

ledia Courseware Reliability

During the IST, instructors in the IM, 11F, PME, and WM courses re-
ported incidents of mediated courseware failures to the fDAC Quality
Assurance ()A) representative. Usages of mediated modules were available
from the Course Evaluation Summary printouts. The numbers of uses for
each type were then divided hy the numbers of failures to determine the
MTBF. Results are shown in Table 19.
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TABLE 19. 'ledia Courseware Rpliability

MIEDIA 'JUNBER 1UtlibER CONTRACT
COUSEAR OP 1SES OF FAILURES- ,ITBF* GOALS

Super 8 Fil4li 1546 7 221 150

Video Ta.ne 962 1 bb bJ

Fi 1li~istri 1 24,445 221 ill 250 :

k-udio Tape 25,l54, 36 69J i )

* IlTbF in this case means nuiiber of uses between failures

As indicatpd, all qoals wore rapt excopt that for thp filistrio. It
appeirs that the fili:h becones brittle with use, possibly becaus. of hijh
heat and low hurt.idity. It was rPcov),inded that replacejient film be
treated with a protective coating prior to bpin'j placed in thF classroom.

VI. 'IATERILS D)EVEL)PIET COSTS

The cost of devlopinj instructional riiaterials is an imiportant
factor in determining tho cost-effectivwness of an Pducational system.
The atrials development costs for a comiputer based trainin,: syste can
vary across an extremely wide range. Thp actual costs will depend on at
least the followinq factors:

1. Characteristics of thp coursp:

(A) Categories (e.g., discriviinated rscall, classification,
procedure following, problem solving, and psychoi.otor),
levels, and rane (variety) of skills being taught.

(i3) Initial state (clear, well ,ritten, up to date, complete)
of course documentation (statement of objectivws, Plan of
Instruction, course charts, etc.).

(C) Initial state of course laterials (mianuals, texts, work-
books, audiovisuals, etc.).
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(D) Initial state of within-course testing (block tests, per-

formance checks, etc.).

(E) Stability of course content.

(F) Initial configuration of the course (conventional lock-
step, self-paced, mediated materials, multitracking,
individualization).

(G) Special requirements for the course (team performances,
critical resource scheduling, etc.).

(IH) Suitability of course content and format to self-pacing
and modular presentation.

2. Characteristics of the materials developers:

(A) Familiarity with Course content.

(B) Familiarity with the ISLJ process.

(C) Skill/experience in writing instructional materials and
test items.

(D) Skill/experience in developing mediated courseware, multi-
tracking, etc.

(E) Skill/knowledge relating to the coiputer-baspd training

system being used.

(F) Familiarity with student characteristics and capabilities.

4. Characteristics of the environient:

(A) Organization - Developers part-time or full-time? What
other assignments do they have? !low are channels between
management, developers, and course personnel set up? Part
of centralized development team, or local group?

() Students - High or low ability? Heterogeneous or homogene-
ous population? Notivation? Attitude? Critical entry
skill levels?

(C) Computer-based system - On-linp support for materials
dev~lopient? Support for materials tryouts? Knowl.dge of
progranmiing language required?

(D) Facilities and support - Lverything available as needed
(terrlnals, typing, cooperation for materials tryouts,
for media development, for CAI and CHI development, for
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reviews of r:atprials by subj~ct-0atter experts, etc.).
Classrooms, carrels, materials and supplies, training
devices, etc., all ivailable as needed?

Lxperience with thp AIS courses provides a hasis from which to
estimate riaterials development costs. However, the AIS experience cannot
be taken as a direct measure of such costs for sevwral reasons. First,
the AIS .as a 9rototvne developmant to i,,ept both operational and research
neds. Throughout develol)pnent, costs which were not essential for o ier-
ational iiiplementation of the courses were nevertheless incurred in
order to advance tne statp-of-thp-art in training technoloqy. Second,
Jevelopiuent of thp ',B: as a computer-based syste proceeded in parallel
with the developmient of instructional miaterials. Consegueftly, Flost of
the AIS .aterials development was accofiplished before cooputer support
becaaiv available. Third, iuch of the AIS materials developient effort
did not begin with stable courses and materials which had been tested in
conventional lockstep instruction. Instead, iiuch of the developiment was
for content which had never been taught in the conventional courses and
for qhich the only existing materials were the technical orders (T.J.s)
and manufacturers' manuals. Finally, because of the prototype nature of
the program and its research asoects, additional steps and organizdtions,
and mluch additional time, wer, introduced into the review/rpvision
process. This process should certainly be streailined for routine
development of materials for an operational CJT systei.

For thp reasons just listed, AIS ex!)erience is not an accurate
measure of developm; ent ti~les and costs which .inht be incurred in ex-
pansion to other courses. Therefore, the following paragraphs present
esti.iates of materials development costs and assu::e that thr IS exper-
ience and "lessons learned" are applied to establish a developmlent
process jeared solely toward efficient conversion of training courses
to AIS coiputer based training.

Development Tasks

It is assuaged that any course being converted to com.iputer-based
instruction has already been the subject of a good tasks analysis, and
that tha Specialty Training Standard (STS), P01, course chart, block
tests, and study inatrials for the conventional course are all in good
order. The subsequent work of conversion to computer-based instruction
can be divided into the following task categories:

1. Courseware Development - all work up to implementation in the
classrooms, including planning, research, documentation, writ-
ing, proofreading, media consultation and review, test prepar-
ation, and learning strategies preparation.

2. Iiilementation - reproduction and collating, planning classroo"
layout for materials and equipment, providing instruction and
assistance to classroom instructors, and entering necessary
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inforiation into the C'11 course data hase.f

3. R~evision - accom,)lishinq thn chanqns indicated hi, foroative and
summative evaluations of the- materials.

AIS experience indicates that thr- nanhours req~uired for conversion t
computer-base-d instruction will !he livid ai.ionc these- task categories
ajpproxiolatel y as follows: courseware dev.l orent, 7K.; i-,il orintation,
If),; and rovision,15.

Courseware Davelopiiient Mlanhours

Estiriates of courspware drevelopiment ilanhours requirePd for various
meidia arp listpd in Table 20). Thes- r-stiinates (derived froI r'xu'rionce
in developing i1 coursps do net include iiiplem.i;ntatiori and revision
imanhours, arid assume that the lessons learned duriiv4 USI develment are
applied ini convertiny stable conventionally zau ht courses to coimuter-
based AIS instruction. The variations in manhours across courses are
probably due to the di fferent kinrds of content and skilils tauqht in Thle
course (e.gj., the I.1 and AIF courses teach princir)ally the- clerical skills
npeded for inventory and issue of supplies and for warehouse operations,
the .411 course tpactges orinci;)al ly the ,ieciani cal/ii~otor skills arid teal.i
perforiiance tasks neded for aircraft )reparation, i, unitions loadintj,
and postflijht insection and reoair, and the P;IL course teaches the
coyjnitive and problei-i solvinrj skills needed to repair, calihirate, and
troubleshoot cotaplex electronic r~est oquipilent).

For coursewadre reqouiring filmrstrips or audio tapes, th- Media pro-
ductiorn tinaes indicated in Table 21,shiould be added to thle courseware
developrment tinaes shown in Table 219 In situations rprjuirinul individual-
ization (alternate matorials )r-sr-ntations designed for suibspts of thle
student tiooulation) and assiq nr,!ents accordin ' to adaptive- decision rules,
additional effort fron instructional stratP(gies gersonnel should he
anl i Pd. The instructional strategfias tasks arid -stifiatnd manhours are
as followis:

1. Designing alternative treatments, including data dnalysis and
concOntualization of treatmepnts - 4 hours par candidate lesson.

2. Supporting development of individualized courseware, includinq
coordination with courseware developers and reviewino materials-
12 hours per hour of instruction developed.

J. Ueriving and iimpleiientinq adaptive decision rules, including
data analysis - 2 hours oer lesson.
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4. Evaluating the effects of individualization

(A) Evaluating effects of individualized alternatives and
updating decision rules - 15 hours per lesson.

(B) Evaluating effects of adaptive decision nodels - 2 hours
per lesson.

TABLE 21J. Estiiated Courseare Development Tiles,
lours Per POI Hour Develoned.

____.... CJURSLIE D IU! I I/HIF VJI! PrE

Prograi, ned Text (',lain Track) 63 65 6 U"

Filf,istrip/Audio Tape (Main Track) ;l 90 96

'Fi istrip/Audio Tape (Alternate Track) 2E 34 33

;Video Tapp (lain Track) .-- 9J

[lotion Picture (,ain Track) .. C

,udio Tapp ('lain Track) .... 71

TALE 21. Estimatpd fledia Production Tirmes

1LSTI',TED iOUPS TO

! ,EDII 1 PROD:,UCE A 1-HOUR ;1/STER

Fi listri p

Audio Tape 4

I.
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VII. COICLUSIOS AND RECOMMENDATIONS

Conclusions

The IST results from the IM course indicate that superimposing HA
and SP on an already self-paced CMI course reduced training time by an
additional 12.5%. The results from the [F, PME and W1 courses indicate
that superimposing SPH on already self-paced CMI courses reduced train-
ing time by, respectively, 6.7%, 5.1/, and almost 14%.

Thp reliability and maintainability data collected during IST in-
dicate that the computer-based CMI support functions, the nmdia devices
and courseware, and the computer hardware and software are entirely
adequate and rpt or exceed AIS requirements.

over and above the specific results obtained during IST, the IST
deivonstrates that

1. The AIS provides a continuous quality control tmiechanism~i for AF
technical trainin-A.

2. Student attitudes toward AIS conputer-based instruction are
quite favorable.

3. M4aintenance of the edia devices, ter.inals, and cornunications
can be accomplished by AF personnel without extensive AIS-
specific training.

4. The AIS operates as an integrated system with extrem.iely

fiexible capabilities for studying educational innovations.

Recoiiendati oris

Th_ AIS was developed and tested in an o,)erational environment.
Prior to and during IST, there was amrple opportunity to observe how the
systen grew, and how it WdS iipylemented, utilized, and accepted. These
observations lead to the followino tentativp recomnmndations.

1. The UIS nrovides an -xtreely powerful and uniquA facility
to evaluate the cost-eff-ctivengss of new training and
traininq iianagaemnt technology in a realistic environoent.
The Air Force should dpvelop procedures and program.s to fully
utilize this capability in order to Pxploit fhi potontial for
continued i!liprovelwent in technical training.

?. The SP'! functions uf the IS are highly effective in reducing
training tie in an ooerational PnvironiHient, according to the
data Presnnted in this ro:)ort. However, success depends
h-avily on instructor and training. anager attitjds and
dedication in ionitorin.j student pro'iress. The effectiveness



of ?Kcan als SO e i ncrea sed V cri nti n- Co:-,l eintar'/
Technical Traininj (CTT) an ICotulsorv and Ycluntary

fdilTraininq ((AT and VTJ) around the S(A!' fendbdcl. in-
foriiation. Coi~iiuter sunoocrt con enhance iianlji ri.,Pflt ani
adiiinistrarivp control of CTT, UPT and VUT.

j. TnF )rototyp e AIL incor;iorates soohisticatod research capa-
ji lities that are not e ssential to routiner support of the
:;ajority, of ITC technical crainin, The lessonis learned
,uurin j ^L Aevelo';iient sicald 5- applied to desi'jn a imore
strr-aidl med and cost-c -Ffecti ye svsteu to i-t stri ctl '
rjiorational trainii n objrcti yes.

Aco,inutr-r-based traininri syste, sucii as th,, AlS, rehuires a
iil AIleiren of urjaid tiol drnd coordination arion(; the users.

Lines of uuthcritv and commiunicttion iiust br- clarl, establishe/l
and c!isrrvreI. Confi'juration control over classroomi iaterials
and !lrocpIur-s ind wover c,'mrvoircteristics is ess(-rtial To
flO )rratioli an J -valuwation (, or P!, tOr s/5t-i,. \iVciflC co)-
erdiratico of chan-a is vital to smecth up)-raficn of the

Fujll understandi n; arol utiliitiati o-; at tE car)abil1itir-s orovided
hv a 00. ttr-1ouSF1d traininm sy'steil rr ,inrj? efforr. andI ti:-le
fm1n, traini n )rrcrnrpl. Toe Cours - Zval uotinn Suit.iarlv and
tijr 7est iterj VLv 0'tjCic Pj IO arn cof.oait-nr-opncrate'i rpoorts
that or? Pxtrei!:l v us -ful in --valuwati ni course miatprials dnd
sfude nt o.3rfnr Onc- on a continuin, 5diOs . Train -! fer
,i 1;i, iile; ari wirkir, levpl ;dna, nrt is required if

cuc;:utr-r cd ,ii it i ~s arre to P' i 1rxicitd

* Tii- i ntroIuCti11 of aJVdflCed tercuo}I ircrpa ss th': sophi s-
tication of course~idre deyeloiipit. Liii lization of instructors
in the 6 + ' e nvi rni,ent* ano fre,(u-rit Turnovrr of pe~rsonnel
further co,il i cate tie ,)olc. i'iif~,proscripotive
i ethod Of coirse woir, anoe'tdd dov-l as ent neods to bc

* Courses to ubiio eeue as rId) coursr-s should be sElecteu
careful 1'. Tkt the urcsent tii C,, the- i nvest;iert necessary to
convert a course to oi iuter-hased operation should he ilade
only if student floa.- is ii ii enowuih jnd course content is
stahle cenojh that tlie invpestimint can Lua racoverod throu,11
rpductions in trainin,1 time;. Aew techmi(jues for convprtin1
short, low-flow coursres shioul d hf- i nvesti'radted.
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*An WT instructor ,,iends ia lours a Jay in the cl,3ssroooi and 2 hours a
day on outsi de-the-cl assrooii i)recarat, cm and administrati ve duties.
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t3. Three approaches to IIA have been implemented in the AIS. The
regression model approach has considerable promise but is
difficult to maintain in the operational mode. The heuristic
approach (logical assignment rules) and the learner choice
approach proriise more utility for the operational environ-
ment.

9. Qualified instructors are essential to somei of the AIS learn-
ing center tasks, but other tasks should be assumled by less
highly qualified personnel. [ven if total imanpower spacps arenot reduced, a change in the mix of instructors would result
in considerable cost savings.

lj. The maintenance of the terminals and associated coimunications
is straightforward. For exa'iple, two-shift operations durinn
IST were supported with the equivalent uf four full ti,,ie
maintenance technicians. Thpse technicians were either
retired AF enlisted personnel or active duty "moonlighting"
enlisted personnel, because of the siimlicity of the equip-
ent, vendor manuals and austere docuripntation wer- utilizpd

and were considered comxletely adequate.

i. 1
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PREASSESSPIENT TESTS USED I-1 TIHE IN AA1D rF COURSES

Logical Reasoning Test ieasures general ability to judge the
logical soundness of meaningful con-
clusions by reasoning from stated
premises under timed conditions.

IM/,1F Rr-ading Skills Scale ?1asures reading comprehension and
speed on matarials extracted from I
and 'IF technical manuals.

Concealed Figures Test I'leasures ahility under tined condit-
ions to make perceptual distinctions
by deciding which of fivp geometrical
finiures is eiibedded in a cornplex
pattern.

10 ienory For !lumnbers Test Ileasures ability to reiieriber numibers
from 3 to 7 diits in length, with
forward and backward digit span sub-
scales.

Attitude Toward Course leasures how tense or apprehensive
Hlaterials versus interested or motivated a

student feels about learning the P
or iF ,aterials.

Gneral Attitude Scala !easurps general tendency to exper-
ience feelings of tension and appre-
hension in situations c)ercpived as
threatening versus feelingjs of in-
terest in a variety of technical
areas.

Internal-Extprnal Scalp "easurps tendpncy to fpel in control
of events versus fepl inis of beinq
cntrolled Wi extornal evpnts.

Trst Takin'j Attitudr "Pasure.s tpndency to fep! anxious
Scale whnn talki nu prrforriancc or achi reve-

rient tnsts.

ielta io~jrao)nicdl r)at.i A varirty cf .)iojra)hical and sack-
orouno infortiaticn ites felt to be
i,im,)ortant for success or failure in
tha I and 'IF courses.

general ledia Proferritce easures ireferarces for visual vs.
Scalp audio vs. )rinted aterials, as vwall

as exIperi-nce With conventional and
sElf paced instructional iethods.

6o
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P1A'SJLSS'iE:1T TLSTS USED Li THE P'IE COURSE

Shin Jestination Test '1easurps qeneral arithmetic or ,)ro-
bleil solving ability, usinq specific
rules to solve probleiis und-r tirpd
conditions.

PIE Redding Skills Scale ;leasures reading coilpreiension and
speed on siaterials extracted from
P;IL technical orders and manuals.

ieadin,j Vocabulary Test Hleasures coiipreh-nsi on, under tiied
conditions, of ter;i!s frequently used
in Air Force documents and i.ianuals.

ilklidden Figures Test ;leasures ability, under timed con-
ditions, to ma[e perceptual distinc-
tions bv decidinq which of five
geoetrical figures is eibedded in a
coriplex pattern.

Attituda Toward Course 'leasures how tpnsp or app)rehensive
;Iaterials versus interested or notivated a

student fenls about learning the P'IE
course materials.

General ttitudp Scale ',Iasures q neral tendency to exper-
ience fpelinqjs of tersion and
ap;)rehension in situations DPrceivad
as threateninI versus feelinqs of
intrrest in a varicty of tochnical
areas.

Internal-External Scalp !iaasures tendency to feel in control
of events versus controlled uy
external events.

Test Takiny Attitude Scale !!easures tendency to fpel anxious
when takinq performance or achieveoent
tests.

Delta Biographical Data A variety of biojraphical and back-
ground information items felt to be
important for success or failure in
the PA.L course.

General Iledia Preference Measures preferences for visual vs.
Scale audio vs. printed materials, as well

as experience with conventional and
self-paced instructional methods.
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PREASSESSMENiT TESTS USED Ii THE Wi1 COURSE

Choosing a Path Test Measures ability to manipulate ideas
visually, under timed conditions,
which is considered to be an impor-
tant ability for many types of work
with mechanical devices.

IIM Reading Skills Scale !leasures reading com'prehension and
speed on materials extracted from W11
technical orders and manuals.

Reading Vocabulary Test fleasures comprehension, under timied
conditions, of teris frequently used
in Air Force documents and manuals.

Concealed Figures Test rleasures ability, under timed con-
ditions, to make perceptual distinc-
tions by deciding which of five
geometrical fiyures is edbedded in
a cowplex pattern.

Associative Memory Test Measures ability, under timed con-
ditions, to recognize correct
associations or concepts for alpha-
numeric codes frequently used in ,M
technical manuals.

Ship Destination Test Mleasures general arithmetic or
problem solvinq ability, using
specific rules to solve problems
under timed conditions.

Attitude Toward Course fleasures how tense or apprehensive
Mlaterials ersus motivated or interested a

student feels about learning the W1I
course materials.

Mechanical Curiosity Scale M1,easures general feelings of interest
in, or tendency to become interested
in, mechanical devices and mechanical
problems.

Internal-External Scale Measures tendency to feel in control
of events versus controlled by
external events.

Test Taking Attitude ,Ieasures tendency to become anxious
Scale when taking perfonance or achieve-

mert tests.
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PREASSESSiiENT TESTS USED IN THiE LJM COURSE (Concluded)

Dielta Blographical Data A variety of biograohical and back-
ground inforriatiun iteis felt to be
imdportant for success or failure in
the WII course.

General 1pdia Preference Measures preferences for visual vs.
Scalp audio vs. prinited r~iaterials, as well

as experience with conventional and
splf paced instructional methods.

flath Familiarization Test !1easures basic mathematical skills,
under timed conditions, on easy and
difficult subscales, with probleris
that are required iri certain areas of
the WM course.
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APPENDIX 6

EXAMPLES OF AIS COMPUTER-GENERATED PRINTOUTS
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LEARNING CENTER NEd ROSTER DAY 9057 1025 HRS

LEARNINI CTNTFR ll SHIFT 1
DAYS DAYS

GT# ABS SAN NAME FK R"M AF AD

1 C 2 2.8 -F.
2 C ,6 -P.2 -7.E*

3 C I - 3 6.6 -2.9
4 C A 0 5 1.6 -5.P
5 C ....... 2 12.2 0.2

C ... . t ... 6 0.4 -2.6
7 C 2 P.8 O.A
8 C n 3 2.4

10 C - .. 2 12.8 1.r
11 C - 6L... 3 4.P -7.2
12 C -I __ 1 1F. 0.2
13 C 1 - ". 3 -1 0;0
14 C 1.... I 1t.2 2.2*
15 C 3 6. 6 -2 .2
16 C 3. . r €.2 -Z.2
17 C . 5 Z.0 -7.6
19 C -- 3 6.0 2.4
20 C 2 1!.6 ?0.
21 C 1 I 3 2.2 -6.4
22 C 3 P.? '.C
23 C 3 4.0 -2.,
24 C A - - 3 .4 -? .4

25 C now 6 F.4 6.4
26 C . .. 2 .. -
27 C 13 10.0 1 .0
28 C 3 g 2
29 C 5 .2 2.2
3-0 C A v0vv 4 7.0 7.
31 C "3 9.0 1.1

33 C 5 2.4 -1.c
34 C 2 !.4 -1. -

Learning Center Roster. For each student, the following
information is listed: assigned carrel or work station
number (the following "C" indicates these are carrels);
an "A" in the ABS column if a student is absent, followed
by a 0 if the absence is less than 1 day; social security
number; name; current block of instruction; days remain-
ing until the student's predicted graduation date; and
number of days student is ahead of (or, if -, behind)
predicted schedule.
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GRADUATION ROSTFR DPY 909? 1507 Hi'S

LEAININI CNTER 1S2 SHIFT 1

SSN STUDINT NAMF GRAPUATION DAPF

MON APR ?, 179?

TUB AFR ?. 19

41D APl . ?
iTT) AFR 4. 7 n:

TiP APi 5, o

FRI AP C, I?:-i
FRI APR . 19" o

FRI APR , 12

ION APr 9. 197P

AElD APi 11. 1 P79

TFiR A.PR 1. 19%.;

FRI APR 1. 1 ,7

M1ON APR le. 191'9

Graduation Roster. Lists the students who are targeted to graduate
from the current date forward to a date specified by the requester.
Available to instructors on request.
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ASSIGNMENT STATUS ROSTER DAY 9057 1027 HRS

LEARNING CENTER 101 SHIFT 1

SAN NAME ASSIGNMENT STATUS

LSN 02 09 MOD 01 TEST V3
LSN 06-04 MOD 01 TEST 02
IN ?LOCK REMEDIATION
LSN 05-06 MOD 01 TFST 01
LSN 02-07 MOD 01 TEST 02
LSN 06-03 MOD 01 T'ST 01
LSN 02 08 MOD 01 TFST 04
IN BLOCK REMEDIATION
LSN 02-02 MOD 01 TTST 04
LSN 03-OP MOD 01
LSN 01 03 MOD 01 TEST 04
LSN 03-013 MOD 01 TEST 01
LSN 01 04 MOD 01 TFST P3
LSN 03-01 MOD 01 TEST 02
LSN 03-04.MOD 01 TFST 21
LSN 0 5 05 MOD 01 TFST 71
LSN 03-S7 MOD 01 TEST 0-
LSN 02-10 MOD 01
LSN 03-03 MOD 01 TIST 02
LSN 03-99 MOD 01
LSN 03-09 MOD 01
LSN 03-03 MOD 01 TFST 01
LSN 06-04 MOD 01 TEST 02
IN ?LOCK REMEDIATION
LSN V3-03 MOD 01 TEST 01
LSN 03-01 MOD 01 TEST 02
LSN 05-02 MOD 01 TEST 02
LSN 04-02 MOD 01 TIST 04
LSN 03 -06 MOD e1 TYST 01
IN ?LOCK REMEDIATION
LSN 05-06 MOD 01 TEST 01
LSN 02-05 MOD 55

Assignment Status Roster. Lists the students in a learning center, and

|. shows the current assignment of each student (lesson, module, and test,

or other assignment). Available to instructors on request.
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LFARNING CFNTFR RFSOURCES DAY 9057 1027 HRS

L3ARNING'CENTFR 101 SHIFT 1
GT# SAN NAME TYPE POOL

7 C P t?1 I

Resource Assignment Roster. Lists the students currently using computer-
managed resources, with the following information: carrel number, social
security number, student's name; the device - portable (P) or facility (F),
and type number (0003 is a microfiche reader); and the location (pool)
from which the resource was drawn.

i.
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1F'40RI"PrIr)N QSTLLS
riFICIFNCY SCORI le

Learri-ig -7rt-r 5 Shif t 1

Corpleted at 1325 hrs, day 9?PFS

YCUR NFYT ASSIGNIIFNT IS: Test !'011?
?lease s-,' your irstructor f r- the necessary test me t-rielc

Preassessmelt Testing Feedback. Indicates, to instructors, the students
who have deficiency (or proficiency) scores on any of the tests.
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dpy 9?7r5, 131S hrs

"cmp Ce--rl F,, Learning Center 2, Shift 1
INVNTO.,RY MAN P3MENT(VERSION 7

Da tp Course Ste-tei 79/03/15
Date Arrived On ase 7d3' /1 4
Date Of Tirth 5506/VF
Sex Male
Hiphest Ypa- Atten4el 12
Fighest Diplorra or Degree Eigh School Graduate
National Status U. S. Military
Military Rark U. S. gilitary
Military grade 1
Military Souadron 3441
Military Type of Student Nonprior Service Enlistee
Military Service Oranch Air Force
Military Unit Regular
'lilitary Status Active

Registration Feedback. Lists the information read from a student's

registration form, for verification.

|.

4,'



:ST QUALITY FRACTICA.BL

Ta rite . .ruti-n late is TYTE %.8R 20. 1979

Ta-gelel -Prc n'e- tlr k!

.v
S 7.4

L 1 C

INV NTCRY MANA MENT.

Te t ! 00912907
707DIete" at 132e hrs. day 905.

Y',7U N-,'T A.SSI^,N'I'NT IS: Lesson VV-10, Yo uIe #91, ,A t pt 1.TmI MANAEMENT Mest.y Tpst 41

GOOD 07 /

Student's First Assignment in Course. Gives targeted days in course and
in each block, targeted graduation date, and student's first assignment
to course materials.

I.
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L 1UU -i1L0 TO 1DDC

lay 0Q7"7. .P99 ors

INVFNTIRY \1ANAGC.dENT.

ry5 of cru-se Complpted 9.6

Days S'Dent in class 12.4

Lecsor V4 74, Mod 011. Test #3. 315 rinutps on Att mnt 1.

CONGRATULAIIUNS. Mastery Test Scorp .

YOUR N .T ASSI(;NPFNT IS: Lesson 04 5. ModI,= 01, Att-rrt 1.
'HI'F nF STUPLY T.A3ORATg v

GOOD dORK /

Student's First Assignment of Each Class Day. Provides student with progress

management inf-rmation, results on just-completed lesson, and next assignment.

I.
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I

jIS pAG~~ I UL1

Jlay 9057, 1 '07 hrc

INViNT03Y MANAGIPNT.

m I rplet-d on Att'rrpt I
Lec5or 2 2cmnletp on AtIrnt 1
Les5r Conpleted on Attpr-pt 1
Lesscr 4 CerrnleteJ on Atterpt 1

Student's Completion Status for Current Block. Lists lessons completed
and numbers of attempts. Available to instructors on request.

I.I
, i
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day 9057, 1228 hrs

IM A AND B SHIFT 6-HOUR STUDENTS.

Days of course completed 23.8
Days spent In class 17.0

Block 1 Completed on Attempt 1
Block 2 Completed on Attempt 1
Block 3 Completed on Attempt 1
Block 4 Completed on Attempt 1
Block 5 Completed on Attempt 1
status for block 6

Lesson 1 Completed on Attempt 1
Lesson 2 Completed on Attempt 2

Student's Completion Status for the Course. Summarizes progress management
information (days of course completed vs. days in class), the blocks completed
and numbers of attempts, and, for current block, the lessons completed and
numbers of attempts. Available to instructors on request.

.82
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-.

COURSE- 3 COURSE VERSION- 1 TEST TYPE-BLOCK COGNITIVE TEST

BLOCK- 7 TEST NC- I ( 7 103)
frV,3!C, NO- 2 EFFECTIVITY .8205 TO 99365 CURRENT
SELECTIO CRITERIA USED- NONE

TEST SUMMARY SAMPLE 0ATE RANGE- 73205 TO 79064

NCo RECORDS EXAMINEC- 1l5 NO. SA1PLES- 115(11:0 PCT)

NOoTEST FAILUFES- 24( 21oPCT)
Ne*FL .... TO TCTAL PeT 24i 20 PCT CRITERION- 70 PCT
NOoFAIL DUE TO NOoOBJFAIL-. 0( PCT) CRITEKION- 0 OBJ
N0*PAWt LPu Te eRIT eCSJ fAIL- at e.pet)

SCALE SUMMARY - PART 1

1D/ NO. SAPPLES/ NC. MEAN STAND CRITCL PASSING/
sCALe CBJ. F A i~t: r~ipCT v ET t,9 966OE BEYTN OC rc j MAN!

1 7- b,- t us; W 8 73. 6 4..7c t.100 NO bt
2 7- 0- 2 115/ 92/ 80. 4 2.78 .896 NO 4/ 4
a ?- a- a t±5t 93t at. 6 494S 1.180 NO G if£
4 7- 0- 4 115/ 58/ 50. 3 2.30 .827 NO 3/ 3

9 7- St f 11 , t1 62. 4 205 if -. i*0 uc1e 40i
6 7- C- 6 115/ 94/ 82. 4 2e53 1.103 NO 4/ 4
7 7- e-7 1i/ 3/ 72. 3 2.10 .70i I'O 3 3

TOTAL N/A 115/ 24/ 21. "iC 72.90 13.591 N/A 70/1C9

SCALE SUMMARY - PART 2
I'EfAINoeORR ALPHA LIVING.

SCALE SKEW* KURTCSIS*P(TOTAL) RELIABo COEFF.

1 -2o917 o149 o2638 03368 o8402
--2.25 -. 85? ."3262 .3064 .974

Z -3.877 2.419 .4994 03706 08880

5 -3,60r, -. 257 e5532 e4564 08880
S-E.8.1 -. 210 6440iG 03399 0 9f74

7 -1o925 .227 o1Z52 0132 1.0014

TOTAL -5.125 3.748 N/A .7232 07369

*SXEW GT 0 : SKEWEC TC RIGHT
EG 0 - tRr1At
LT 0 SKEWEC TO LEFT

mmuRvesls CT 0 =PFAKtO
EQ C NORPAL
LT 0 - FLAT

Test Item Evaluation (TIE) Report.

1. 05es1.
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- lANI*A S I A ILJU E S rii4 zr-n"* O., t o " "

ITE" SCALE SCORE 0EV NO. (PCT) R(TOTALI R(SCALEI ITEMS

1 1 053/ 1. .501 54(47) 92651 .2997 NO
i o 09), i0 o0i at$ aft*!) .0598 * Ya NO

3 1 092/ It o270 9( 8.) o3563 .1601 NO
4 .76T;m t . 4-3i 20,(2 4 0) .?27 0234t N
50% 5 1 s63/ 1. .484 42(37s) -00051 .1570 NO

7 2 967/ i. 9472 3e(330) .2726 .2337 NO
a 2 *31/ ti * If 6 79(690) 9i65? .052 N

9 2 o94/ 1. o240 7( 6.) .2691 *0824 NO
to ? *?at 1 0431 ?8(240o) 9.165 • 2O3 NO
11 3 o90/ Is o307 12(10.) .3513 .1324 NO

13 3 .75/ 1 o436 29(25e) .1900 e2298 NO
14f 3 o7?o 1o o . 25(220) .4377 .1963 NO
15" 3 .39/ 1. ,490 70(61o) 91691 s0994 NO

17 5 .72/ 1, .450 32(28e) o3904 .2849 NO
is8 * .8i 91. .31 13(e11.t) 0 1iff *3091~ Ne
19 4 .83/ 1 9381 20(17o) ?849 o2254 NO
e2 *95t 1. 03-07 12f10.) .3291 .3312 NO
21 4 .57/ 1. o497 49(439) .3723 .2742 NO
2 G e7! to 0450 32(290) s1652 .1641 Nio
23 6 s64/ 1. e481 41(36.) .3781 .2109 NO
Elf ( 0 If 91 is C *9ee ~ 9 t.1a8 037 9104S t
25 6 *6/ 1. *469 37,(32 .) .3614 .2420 NO

26 r *9W to .205 5( ...) .059? .1122 NO
27 5 053/ 1, .495 48(42.) s2891 .2861 NO

19 .7e' 3. .i6 If 3. .0632 =.089 NO
29 7 .79/ 1. .408 24(21.) ,0580 .0930 NO

0O.5 1.i ToJ TS(65) i 26!! .oee6

Test Item Evaluation (TIE) Report (continued).
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APPENDIX C

STUDENT ATTITUDE DATA

1. 88



STUDENT ATTITUDE DATA

Each student in the AIS courses during 1ST completed a 40-item
attitude questionnaire at the end of the first AIS block of instruction,
and again at the end of the course. This questionnaire (Figure C-1)
measured students' attitudes toward various features of the AIS courses.
Item responses were "strongly agree," "agree," "neutral," "disagree,"
and "strongly disagree." As presented to the students, a "strongly
agree" response on 15 items indicated a favorable attitude toward AIS
in areas such as self-pacing, amount of testing, mediated instruction,
and availability of instructors. The remaining 25 items were worded
such that a "strongly disagree" response reflected a favorable attitude.

A summary of the item data from end-of-course administrations of
the attitude questionnaire is shown in Table C-1. The abbreviated item
statements in this table are all worded so that agreement with the
statement indicates a favorable attitude toward the course. As presented
to the students, however, items 3, 7 to 11, 16 to 22, and 28 to 39 were
worded to require a "disagree" or "strongly disagree" response if the
student actually felt favorable toward the course. In Table C-l, the
percentages of favorable responses ("agree" and "strongly agree" on
15 items, and "disagree" and "strongly disagree" on 25 items) are
tabulated as positive, the percentages of unfavorable responses are
tabulated as negative, and the percentages of "neutral" responses appear
as neutral.

Overall, students who have completed the AIS courses report favor-
ably on the individualized self-paced CMI aspects, and indicate that in
general they did feel motivated to work, and did not feel the courses
were boring nor that the courses were depersonalized.

Table C-2 summarizes the attitude questionnaire results from the AIS
courses during IST. For this summary, responses were scored on a 1-5
scale, with 1 being the most unfavorable response to an item and 5 being
the most favorable. A single attitude score was derived for each stu-
dent in the samples by averaging response values for the 40 items. The
mean attitude scores for the groups in Table C-2 range from 3.98 (IM
course, Phase II Main Track, end of Block I) to 3.53 (WM course, Phase
II, end of course), and all are toward the favorable end of the scale.

I8

~89



STUDENT ATTITUDE QUESTIONNAIRE

DIRECTIONS: The following statements apply to the way you felt about the
various aspects of this AIS course. Do not hesitate to describe exactly
how you felt. It will help us improve the training program. Read each
statement carefully and then blacken the appropriate space on your answer
sheet to indicate how you felt about this AIS course.

Mark NAN on your answer sheet if you strongly disagree with the statement,
"B" if you disagree, "C" if you are neutral about the statement, "D" if
you agree, and "E" if you strongly agree with the statement.

There are no right or wrong answers. Do not spend too much time on any
one statement, but choose the answer which best describes how you felt.

1. I felt I could work at my own pace.

2. I was satisfied with what I learned in this course.

3. Under self-pacing, I had less opportunity to talk individually to
the instructor than in conventional courses I have had.

4. My feeling toward the course materials was favorable.

5. I am anxious to get to my first assignment after finishing tech school.

6. I expect my Air Force technical training will help me get a good
civilian job later.

7. Since Denver is such a nice area, I was not in any hurry to finish
the course.

8. I had to fill out too many forms in this course.

9. I would have liked more opportunity to work in a group.

10. This self-paced instruction was a poor use of my time.

11. I saw no reason to hurry through the course.

12. Compared to lectures, this self-paced course was a better way for
me to learn.

13. I would prefer my future AF courses to be this type of instruction
rather than lectures.

I. 14. I liked being informed of the training objectives in the programmed
materials.

FIGURE C-1. STUDENT ATTITUDE QUESTIONNAIRE
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A - Strongly Disagree
B - Disagree
C - Neutral
D - Agree
E - Strongly Agree

15. The learning materials were well organized and clearly presented.

16. I know how to perform the hands-on procedures, but I don't really
understand what I'm doing.

17. I guessed at most of the answers to questions in the programmed

texts.

18. Progratmied instruction made learning too mechanical.

19. The programmed instruction was boring.

20. I found myself trying to get through the programmed texts rather than
trying to learn.

21. The method by which I was told whether I had given a right or wrong
answer in the programed texts became monotonous.

22. I would like to have more audio-visual lessons.

23. The audio-visuals in this course explained things well.

24. The instructors helped me and encouraged me to do well.

25. The instructor was available whenever I needed him.

26. I felt the instructors were positive toward self-paced instruction.

27. The instructors took the time to satisfactorily answer my questions.

2d. I felt I was not given enough personal attention.

29. I could have gone faster if there had been more equipment to use.

30. I felt no one really cared whether I worked or not.

31. 1 felt frustrated by the way the course was run.

32. When I finished a lesson, I often had to wait a long time before
I could start the next lesson.

33. There were occasions when I was at my carrel with nothing to do.

FIGURE C-l (Continued)
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A - Strongly Disagree
B - Disagree
C - Neutral
D - Agree
E - Strongly Agree

34. I felt frustrated by the number of tests I had to take.

35. 1 felt the self-tests were a waste of my time.

36. I could pass the block tests, but I really didn't understand the
material.

37. 1 found it hard to concentrate because the room was too noisy.

38. There are too many distractions with this method of self-paced
instruction.

39. I wish I could have spent more time away from my carrel.

40. I liked the idea of having my own study carrel.

We would like you to tell us how you felt about the materials in
your own words. On the back of your answer sheet, state how you felt
about the specific materials and how you felt about the way the material
was presented.

FIGURE C-1 (Concluded)
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APPE3DIX D

GLOSSARY OF TERMS
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GLOSSARY OF TERMS

ACCEPTANCE TEST - Designed to confirm that each of the four prototype
AIS courses fulfill requirements of the Statement of Work.
Acceptance testing was incrementally conducted and includes visual
inspection, data analysis, tests under controlled conditions and
demonstrations. Covered are hardware, software, instructional
materials, media and documentation, wherever appropriate.

ADAPTIVE 140DEL - Consists of a set of computer programs that generate
4 Individual Instructional Assignments, predict and assign individual

block and course completion time targets (Student Progress fianage-
ent), allocates training resources and is the vehicle for
accomplishing continual test and courseware evaluation and refine-
iment.

ADVANCED INSTRUCTIONAL SYSTEM (AIS) - A prototype, comprehensive computer-
managed and computer-assisted instructional system to provide the
following automated capabilities in support of large scale training:
Individual Instructional Assignments, Student Progress Management,
resource allocation and scheduling, information storage and report
generation and evaluation and research.

ALTERNATIVE MODULES - Modules utilizing different instructional
approaches from previously existing modules to meet the specific
needs of particular types of students and/or certain course require-
mients. (See Instructional Module).

AUDIO-VISUAL (A/V) - A method of displaying information in which both
the Audio segment and Visual segment are electro-mechanically and
optically reproduced for the information of the student, e.g.,
photographic slides used in conjunction with an audio tape player.

AUDIO-VISUAL MODULES - A segment of instruction characterized by format
and not by content. Generally, the format is such that the visuals
are optically presented to the student and the audio is electro-
mechanically presented.

BLOCK - A course component comprised of lessons and modules that cover
a specific subject/content area and normally ends with a conpre-
hensive test.

* iBASELI;E CII - A list of CMI support functions operative in the proto-L Itype AIS courses at the start of the IST.

,LOCK COMPLETION/ELAPSED TIMES - The period of time from inception of a
block's first lesson or lesson group through completion of the
block test.
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GLOSSARY OF TERlS (Continued)

CETRAL PROCESSI14G UiIT (CPU) - The element of a systems' computer hard-
ware that perfornas necessary arithmetic, manipulative and logic
operations.

C11I-SQUARE (X 2) AAALYSES - The chi-square analysis (test) is used to
determine the statistical significance of differences in the
number of observations between two or more groups.

CO, 1PLE'1E.|TARY TECI*IICAL TPRAIVIC:G (CTT) - Course related training perfor-
ried in addition to normal classroon training without the aid of an
instructor, i.e., honework.

COMPULSORY REMEDIAL TRAIA(ING (CRT) - Directed re-nedial trafning rihen a
student's academic performance falls below established minimal

1%- standards.

CO IPUTER-ASSISTED INSTRUCTION (CAl) - An instructional mode which pro-
vides instruction via an interactive computer tenainal. Tutorial
instruction and/or simulation takes place at tho terminal and other
instructional media may be integrated with the terminal display.
Utilization ratio is one student per interactive terinal.

C)MPUTER-BASED - CAI and/or C1I support of instructional progralms.

LU1fiPUTER HARDWARL - The hardware components that comprise the computer
system and includes the central processor, various types of memory
units, printout unit and control, display and distribution units.

COMPUTER-: i&IAGED I:ISTRUCTIOII (CtII) - Use of the computer to manage stu-
dents through the instructional process. The computer's rule is
that of a diagnostician and manager of instructional events.
Through the Adaptive lodel, it generates Individual Instructional
Assignments (IlAs), predicts and assigns individual block and course
completion times, allocates training resources and evaluates tests
and courseware. The utilization ratio is 100 students per manage-
ment terminal.

COMPUTER SOFTWARE - .4 logical qrouping of programmed comouter codes
that gives conmands to a computer to perform a particular function.
A unique AIS software component is the Computer Assisted/Managed
Instructional Language (CAMIL) that facilitates both CAI and C!I1.

CONFIGURATION4 CONCTROL - Appropriate management control over the large
number of course related factors (e.g., course content and taxonony,

1 L tests and test keys and resource inventories) that affect perfor-
rance of the AIS to assure avoidance of unnecessary, untimely and
uncoordinated changes.
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GLOSSARY OF TERMS (Continued)

CONVENITIONAL TRAINIING - Classroom and/or laboratory training conducted
in a previously established and accepted manner, i.e., usually a
classroon lecturer and/or laboratory instructor-student group
relationship in a lock-step mode of progress.

COURSE - A block or a series of blocks of instruction designed to
satisfy Specialty Training Standards for a particular Air Force
Specialty Code and skill level. Formal, resident training con-
ducted at an Air Training Command installation.

COURSE CO11PLETION PREDICTION1S - A computer-generated estimate of a stu-
dent's time required to comolete the course based upon Preassess-
rient Testing. Predictions may be made for completion of modules,
lessons, or blocks as well as for the entire course.

COURSE COMPLETION TARGET - A course completion prediction adjusted for
course policy regarding the desired minimium, maximum and average
course completion times.

COURSE COIPLETIOA TIMES - ;teasured classroom time from course entry to
graduation.

CV"URSE DATA BASE - A collection of computerized files containing the
parameters and flags which control the operation of the Adaptive
Hlodel for a specific course.

COURSE EVALUATION SUMMARY (CES) - A computer generated report of student
performance data (e.g., average completion times ard scores and
failure rates) available for one, selected combinations, or all
lessons and/or blocks of a specific course. The CES summarizes
student performance at the module, lesson and block level.

COURSEWARE - Generic term for all AIS instructional material.

COVARI4NCE - A statistical technique to control for group differences
in ability or other factors so that thpse differences tend not to
affect time and score comparisons.

CRITERION VARIABLES - f easures of student performance, times and score,
on lesson and block tests.

UAILY ROSTER - A computer generated listing of students assigned to a
specific learning center, their assigned carrel numbers, current
block of instruction, and rate of progress relative to theirL itarget course completion rate.
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GLOSSARY OF TERMS (Continued)

DECISION MODEL - A type of mathematical or logical model used in the
selection of alternative modules for AIS lessons. (See Heuristic
and Regression Mlodels.)

EQUIVALENiCE OF GROUPS - Analysis of groups of students included In the
IST to assure that they do not vary significantly in ability or
other psychological variables (preassessment) and, as a result,
do not bias the results of the time savings analyses.

EXTENDED CORE STORAGE (ECS) - The ECS is a component of the computer
hardware system. It is a random access, word-organized, mass
storage device.

FIRST ATTEMPT BLOCK FAILURES - A computer produced list of the number of
students who fail to meet criterion on their first attempt to pass
an end-of-block test.

iEURISTIC HODELS - Logical "If...then" statements used to assi(In students
to alternative modules. These logical statements can be based
solely on expert judgement, on previously collected and analyzed data,
or on a combination of both.

INDIVIDUALIZAfTIO.I - See Individualized Instructional Assignrment.

INDIVIOUALIZED INSTRUCTIONAL ASSIGNME.JT (IIA) - The 4IS/CMI capability
to assign individual students to alternative modules of instruc-
tion for a lesson in order to achieve optimal performance fro, each
student.

IISTRUCTIOIIAL rATERIALS - Printed, audio, or visual information used in
instruction. Includes progranmed texts, picture books, workbooks,
audio visuals, checklists, technical orders and tests.

IUSTRUCTIONAL MODULE - A specific package of instructional materials and
related training resources for presentation of a specific AIS lesson.
A lesson may have more than one instructional module. All modules
for a lesson teach the same objectives but differ in the method of
presentation and/or strategies used.

INTERACTIVE (A) TERMINAL - Consists of a plasma display and keyboard and
is used by instructors and course authors to interact with the AIS
central computer and data files and by students for on-line,
adaptive testing and CAl.
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GLOSSARY OF TERMS (Continued)

KEYPRESSES - A data word request for computer service initiated at
either an Interactive or 1anagement-Terminal. Depending on the
service requested, a keypress can generate from one hundred to a
thousand instructions for performance by the Central Processor
Unit (CPU).

LEARNER CHOICE - The option for individual students to make their own
selection of available alternative modules for lessons so designated.

LEARIIG CENTERS - A learning environtient to which students are assigned
for attendance-taking purposes and in which most coursework is
conducted. Consists of carrels, media and job related equipment
and/or simulators designed to support individualized instruction.

LESSON - A component of a block of instruction. Contains instructional
information to enable achievement of a learning objective or series
of objectives. A lesson is learned through the use of one or more
specific instructional modules.

LOCK-STEP - Traditional presentation of instruction, to an integrated
group/class in unison and in accordance with a fixed plan and
schedule.

14AIII TRACK - The first AIS module implemented for a course and designed
to best satisfy the training requirements of a majority of the
students.

M11IAGEME;IT "B" TERMIIIAL - Consists of a forms reader, printer and mini-
conputer and is used to read and score test forms, transmit data
to and receive information from the AIS central computer, and
print student prescriptions and managerent reports.

IAiUAL SELF-PACING - 'anual manayempnt and tracking of self-pacing within
a course without CH1I support.

HEDIA - Channels of comunications and/or substances for use in trans-
rission of force or effect, i.e., effective means of transmitting
course raterial to students.

;EDIA DEVICE - rienerally, a type of electro-mechanical/optical device to
display either audio, visual, or both in an effective manner to an
information receiver, i.e., a student.

. MEDIA OVERLAP - A module which diffprs frora another module only in the
i.v de of presentation. For example, narrated filmstrips and illus-
trated texts may have identical words and pictures, but because the
first is audio-visual and the other is printed, they represent
media overlap.
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GLOSSARY OF TERTIS (Continued)

MEDIA SYSTEm - The gamut of medium equiptaent, processes, people and
o:aterials necessary for effective presentation of Information and
learner activity. Usually includes media courseware, hardware,
planning, production, recording and/or transmitting and program
recepti on.

MODULE - The smallest testable unit of instruction within a block of
instruction. A set of instructional materials which applies a
specific instructional approach for teaching a lesson. (See
Instructional Ilodule).

M:ULTI-TRACK - A concept used to describe individualization strategies
used in alternative mdules for a lesson. For exaiuple, alternative

lift modules for a lesson may be produced to accorvodate student needs
by using mediums and different levels of redundancy or difficulty.
Thus, the presentation strategies will differ for alternative
modules in the multi-trackin( category; presentation media may or
nay not differ.

PREASSESS;1LFUT DATA - The results of a test battery given to students
before they begin a course. The battery is designed to measure
student abilities, attitudes, interests and backgrounds. Preassess-
nent data, in conjunction with Within-Course Testinq is used for
Individualized Instructional Assign, nt and Student Progress Manage-
nent.

PRESCRIPTIOiN - A comiputer generated student status report indicating
the student's performance on his/her last assigno1ent, his/hrr next
assignment and related training resources required, if any.

RA:I)OI ASSIGNIE!IT - The option to specify the percentage of students
who should ba assigned randotily to the alternative module for a
lesson. Provides experimental control groups for AIS related
research and/or for development of regression equations.

REGRLSSIO;I EqUATIO, - Statistical methodology employed in calculatinj
regression modules. The mathematical equation which provides the
best prediction (least squares fit) of expected student perfornance.
Regression equations are based on the actual performance of prior
groups of students.

* RLGRLSSIOhi IX)DELS - A m.ethod of selecting alternative modules utilizing
regression equations which predict student perfonance on each

L alterndtive. The prediction is based on preassessiaent data, prior
within-course performance, or a combination of both.
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GLOSSARY OF TERMS (Continued)

RESOURCE ALLOCATION - A CMI function of the Adaptive Model for managing
all training resources declared in the Course Data Base as
computer-managed. The AIS capability to balance student flow
through a module, lesson, block or course to avoid queueing as a
result of resource unavailability and to maximize use of critical
resources.

SELF-PACED CMI COURSE - A self-paced course supported by, as a minimum,
baseline CMI.

SELF-PACINIG - A generic description of programs where learning and
progress occur at each student's self-established pace. Generally,
students whose rate of progress exceeds predetermined limits are
counseled.

SOFTWARE - See Computer Software

SPECIALTY TPAINI;G STANJDARD (STS) - Air Force established standards that
specify knowledge and skill requirements for training in Air Force
Specialty Codes and are the primary control documents for Type III
(forial/resident) courses.

STATE-OF-TIE-ART - Current level, state, or condition of technology in
disciplines related to computer-based education and training.

STATISTICAL SIGN1IFICA;-CE - The probability that the observed difference
between groups could occur by chance alone.

a

9 STRATEGIES - Specific instructional techniques applied within a module,
lesson, block or other sequence of instruction and designed to
iieet individual needs and characteristics of various types of
students considering the particular learning objective.

STUDEiT DATA PRJFILE (SDP) - A computerized file that maintains con.pre-
hensive records for each student enrolled in an AIS course. Each
student record contains bibliographic, preassessment and within-
course performance data.

STUOET PROGRESS MA.AGEMENT (SPHl) - The AIS capability to predict and
assiqn individual block and course completion time targets based
on each student's individual aptitudes, ability, and performance
and to provide students and instructors with daily feedback on
each student's progress toward the target completion times.

TARGETED COURSE COMPLETIOA RATE - A computer qenerated rate of progress
through a course, for each student which he/shp must maintain to
maet the course completion tarqt.
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GLOSSARY OF TERMS (Concluded)

TWO-WAY ANALYSES OF VARIANCE - Statistical technique for evaluating the
s.lqnficance of differences between groups.

4ITallri C(JURSL DATA - Data describing student perfornance (lesson and
block times and scores) within a course as comipared to preassessment
and/or bibliographic data.

I
4. 4
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